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PREFACE 



The re-issue of this small work is intended to meet the 
requirements of the Elementary and Advanced Students in 
classes under Subject 19, Practical Metallurgy, of the Board of 
Education, Secondary Branch, South Kensington. 

In it is arranged a series of typical experiments illustrative of the 
subjects in the Syllabus. 

Part I. treats of such experiments as may be readily performed 
in a metallurgical laboratory, with the aid of balances turning 
with '5 grain when loaded with 500 grains in each pan, and 
contains all that is necessary for a student presenting himself 
for the elementary examination. 

In Part II. many of the experiments are such as would require 
a balance turning with '005 grain when loaded with 100 grains in 
each pan, and they, together with those described in Part I., 
will be found sufficient to enable students to pass in the advanced 
examination. 

The book has been brought up to date by the introduction of 
some experiments on cementation as applied to iron, and others 
on the treatment of gold ores by the chlorination processes. 

I have added, in the form of an Appendix, a very brief descrip- 
tion of most of the various ores, &c., with which students entering 
for the Advanced and Honours Theoretical Examination are 
expected to be acquainted, in the hope that it may be useful in 
discriminating and naming metallurgical minerals. A table of 
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viii Preface, 

equations of the principal reactions which take place in metal- 
lurgical operations has also been appended. 

The importance of students in Practical Metallurgy having 
some previous knowledge of theoretical chemistry cannot be over- 
estimated, at least as far as combining proportion, valency, and 
the various laws and theories that are to-day received in chemical 
philosophy, as no useful knowledge of Practical Metallurgy can be 
acquired unless upon this foundation. 

I take this opportunity of thanking my friend, Mr. F. J. Hardy, 
for the able manner in which he has sketched the illustrations for 
these pages, and also of expressing my indebtedness to my old 
and valued friend, Mr. A. Adams, for examining the proof-sheets, 
and for various suggestions so kindly given. 



A. R. GOWER. 



Barrow-in-Furness, 
1902. 



CONTENTS. 



PART I. 

PAGE 

Introduction i 

Reduction of Oxides 5 

Formation of Oxides 13 

Formation of Sulphides 17 

Reduction of Sulphides 20 

Liquation 25 

cupellation and scorification . . . . . . -27 

Effects of Impurities 31 

Formation of Silicates 37 

Fuel 40 

Fireclay and Crucibles 42 

Formation of Alloys 45 

Alloys of Lead 46 

Alloys of Copper 47 

Alloys of Iron and Nickel 49 



PART II. 

Specific Gravity 50 

Fuel •> 51 

Roasting Sulphides, &c. 56 

Assay of Galena • 58 

Dry Assay of Iron 60 

Assay of Mercury 62 

Assay of Zinc 63 



X 



Contetits. 



Silver .... 

cupellation . 

Parting .... 

Alloys .... 

Dry Copper Assay 

Wet Copper Assay 

Analysis of Bronze 

Or A VI. METRIC Assay of Iron 

Assay of Silver Ore . 

Volumetric Assay of Iron 

Cementation of Iron . 

Further E.xperiments with Gold 

Appendix A.— Notes .... 

Appendix B. — Table of Fusibilities . 

Appendix C. — Table of Atomic Weights, 

Appendix D. — Table of Equations . 

Appendix E. — Table of Ores 

Appendix F. — Table of Factors 

Appendix G.— Assay Table . 



&c. 



PAGE 
64 

67 
70 

71 

73 

75 
80 

80 

81 

82 

86<z 

86^ 

87 
89 
89 

91 

99 

107 

no 



LIST OF DIAGRAMS. 



PIG. 



I. 
2. 

3. 
4. 
5. 

6. 

7. 
8. 

9- 
10. 

II. 

12. 

13- 
14. 

15- 
16. 

17. 
18. 

19. 
20. 

21. 

22. 

23. 
24. 

25. 



(Section) 



Arrangement of Furnaces and Muffles in Metallurgical 
Laboratory ....... Frontispiece 

Fireclay Scorifier 

Mortar and Pestle 

Wind Furnace (Section) .... 
Hemispherical Mould 
Fireclay Roasting Dish .... 
Crucible and Lid arranged for Liquation 
Plug of Cupel Mould .... 
Ring of Cupel Mould .... 
Bed of Cupel Mould (Section) 
Bone Ash Cupel (Section) 

Ingot Mould 

Ingot of Over-poled Copper . 

Ingot of Under-poled Copper 

Ingot of Tough- pitch Copper 

Muffle Furnace (Section) 

Plug and Ring of Crucible Mould 

Crucible Mould (Section) 

Test Pyramid and Base .... 

Triangular Tool for Brasquing Crucibles 

Round Tool for Brasquing Crucibles . 

The Water-Oven 

Crucible of Calorimeter 

Stand for Crucible of Calorimeter 

Calorimeter 

Brasqued Iro>' Assay Crucible (Section) 



PAGE 



4 
5 

6 

7 

IS 
26 

29 

29 

29 

29 

33 
33 
34 
41 
43 

4S 

44 

44 

44 

52 

54 

54 

55 
60 



xu 



List of Diagrams, 



FIG. 



26. Tube for Mercury Assay 

27. Alloy for Gold Assay, Rolled Thin 

28. Gold Assay Cornet .... 

29. Parting Flask 

30. Cornet Crucible .... 

31. Burette and Flask for Copper Assay 

32. Burettes and Dish for Iron Assay 



PAGE 

62 
70 
70 
70 
70 

76 
83 



^^ 



LIST OF DIAGRAMS. 



FIG. PAGE 

Arrangement of Furnaces and Muffles in Metallurgical 

Laboratory Frontispiece 

1. Fireclay Scorifier 4 

2. Mortar and Pestle 5 

3. Wind Furnace (Section) 6 

4. Hemispherical Mould 7 

5. Fireclay Roasting Dish 15 

6. Crucible and Lid arranged for Liquation (Section) . . 26 

7. Plug of Cupel Mould 29 

8. Ring of Cupel Mould 29 

9. Bed of Cupel Mould (Section) 29 

10. Bone Ash Cupel (Section) 29 

11. Ingot Mould 33 

12. Ingot of Over-poled Copper 33 

13. Ingot of Under-poled Copper 33 

14. Ingot of Tough-pitch Copper 34 

15. Muffle Furnace (Section) 41 

16. Plug and Ring of Crucible Mould 43 

17. Crucible Mould (Section) 43 

18. Test Pyramid and Base 44 

19. Triangular Tool for Brasquing Cruciblrs .... 44 

20. Round Tool for Brasquing Crucibles 44 

21. The Water-Oven 52 

22. Crucible of Calorimeter 54 

23. Stand for Crucible of Calorimeter 54 

24. Calorimeter 55 

25. Brasqued Iron Assay Crucible (Section) .... 60 

26. Tube for Mercury Assay 62 

27. Alloy for Gold Assay, Rolled Thin 70 



xiV- L ist of Diagrams, 

FIG. PAGE 

28. Gold Assay Cornet 70 

29. Parting Flask 70 

30. Cornet Crucible 70 

31. Burette and Flask for Copper Assay . . . . .76 

32. Burettes and Dish for Iron Assay ^-t, 









:-!-* 



ELEMENTARY 

PRACTICAL METALLURGY. 



Part L 



INTRODUCTION. 

As all metallurgical processes and assays depend more or less 
upon chemical action, it is necessary that the metallurgist should 
be acquainted with at least a general outline of chemical com- 
bination and nomenclature, and especially those branches of 
chemistry that treat of metallic oxides, sulphides, carbonates, 
silicates, and phosphates. The terms oxidising agent and reduc- 
ing agent should klso be clearly understood. 

A knowledge of chemistry is necessary to enable the assayer 
to bear in mind the object of his experiments, and the reason for 
the addition of the various reagents and fluxes employed ; it will 
also teach him that when the gangue is acid a basic flux should 
be added, and in like manner if the gangue is basic the flux must 
be of an acid character. He should also know that slags or 
siHcates with one base are less fusible than those with two or more 
bases. The selective power of some elements for each other should 
be known, e.g., the superior affinity of copper for sulphur, of iron 
for oxygen and silica, and of nickel for arsenic. 

The substances used in metallurgical operations are divisible 
into five classes : — (i). Reducing agents, or substances that so act 
upon compounds as to reduce them to a lower state of oxidation ; 
(2), oxidising agents, which give up oxygen to the substance under 
treatment ; (3), desulphurising agents which remove sulphur from 
the compound body, and which are frequently also oxidising 
agents; (4), sulphurising agents which give up sulphur to the 
substance under treatment; (5), fluxes, which are added to the 
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2 Introduction. 

material to make it more fusible, or to unite with the extraneous 
matter to form a fusible slag. 

In the first class, or reducing agents, may be placed : — (i). 
Hydrogen gas ; (2), carbon and carbon monoxide ; (3), fats, 
oils, &c. Hydrogen is not used in metallurgical operations, but 
is a very valuable reducing agent in the laboratory. Carbon is 
used in the form of vegetable charcoal, blacklead or graphite, 
and anthracite. Fats, oils, &c, may be looked upon as combina- 
tions of the other two, hydrogen and carbon, and include resin, 
starch, sugar, gum, &c. 

The second class, or oxidising agents, comprise oxygen from 
the air, carbon dioxide, litharge, white lead and red lead, 
potassium nitrate, copper oxide, potassium and sodium oxides 
and carbonates, and some metallic sulphates. Oxygen gas is the 
reagent most largely used, not only on account of its widespread 
distribution and accessibility, but also on account of the energy of 
its affinities. Carbon dioxide yields half its oxygen and becomes 
carbon monoxide. The lead oxides are useful as yielding their 
oxygen to less oxidisable metals. Potassium nitrate or saltpetre 
is a very energetic oxidising agent, as it liberates oxygen in a 
nascent state when raised to a red heat. Copper oxide is capable 
of yielding oxygen and being reduced to metallic copper or 
cuprous oxide. 

The third class, or desulphurising agents, include oxygen, 
oxidising agents as potassium nitrate, litharge, potassium and 
sodium carbonates, and iron. Oxygen and oxidising agents re- 
move sulphur by forming sulphurous and sulphuric anhydrides. 
Potassium and sodium carbonates are employed with carbon 
as desulphurising agents, and metallic iron is used largely to 
decompose lead sulphide. 

Of the fourth class, sulphur is the most important in assay- 
ing, but iron and copper pyrites are largely used in metallurgical 
operations. Galena, cinnabar, and stibnite, are occasionally used. 

Of the fifth class, or fluxes, the most common are silica, glass, 
borax, lime, china-clay, potassium carbonate, sodium carbonate, 
nitre or saltpetre, argol or tartar, fluor-spar, common salt, magnesia, 
and potassium cyanide. 

Silica (Si O2) is added when the extraneous matter is basic, as 
lime (CaO), alumina (AljOs), oxide of iron (FejOg), &c, and, 
under the influence of heat, combines to form fusible silicates or 
slags. Quartz and white sand are examples of silica that may be 
used. 
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Glass is a polybasic silicate containing sixty to eighty per cent 
of Si Oj, and varjdng quantities of Ca O, Alg Os, potash (Kg O), 
and soda (NaaO), and occasionally small amounts of FegOs, 
manganese oxide (MnOj), magnesia (MgO), and lead oxide 
(Pb O). It is often used as a flux to form a more fusible slag, 
or simply to cover the surface of the contents of the crucible and 
to exclude the air. 

Borax (Na, B^ O7 + 9 OHg) is largely used as a flux when 
melting gold (Au) and silver (Ag), as it combines with the base 
metals and removes them in the slag. It loses water when heated, 
swells up, melts, and becomes vitreous. 

Lime (Ca O) is used as a flux to remove silica and forms a 
fusible silicate of lime. 

China-clay, or kaolin (Alj Os, 3 Si O2, 2 Hg O), is a pure variety 
of clay, and is used as a flux when the gangue is not sufficiently 
fusible, in which case it forms a multiple sUicate which are more 
fusible than single silicates. 

Potassium carbonate (Kg COs) and sodium carbonate (Nag COa) 
form fusible compounds with metallic oxides when heated. They 
are very fusible, and are able, by virtue of their fluidity, to retain 
in suspension a large portion of infusible substances, and allow 
such metals as gold and silver to settle to the bottom of the 
crucible. A mixture of equal parts of Kg COs and Na, COg is 
generally used, and is called fusion mixture. 

Nitre (K NOs) forms very fluid slags, and becomes converted 
into KjCOs when heated in the presence of excess of charcoal 

Tartar, or argol (To Ho Ko), is a crude cream of tartar, which 
is deposited during the fermentation of wine, being insoluble in 
alcohol, and which contains potassic tartrate ; it therefore contains 
a large amount of carbon, and is generally used with K NOs. 

Fluor-spar (Ca Fg) is used as a flux for barytes, or heavy spar, 
gypsum, and for bone ash. 

Salt (Na CI), when heated with some metallic sulphates, causes 
them to melt with the evolution of chlorides frequently volatile. 

Magnesia (MgO) is used with lime when the gangue is acid, 
and requires some basic material. 

Potassium cyanide (K Cy) is used in the tin assay, both as a 
reducing agent and flux. It forms very fusible slags. 

The name crucible is given to vessels made of fireclay which 
have been baked in a kiln or oven, and which are used for some 
metallurgical operation. Vessels made of charcoal, plumbago, 
iron, porcelain, and platinum, bear the same name, and are em- 
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ployed in assaying for various purposes. The clay crucibles, or, 
as they are generally called, pots, are of different makes, and are 
distinguished by the name of the district whence the clay is 
derived: e.g., Cornish crucibles, London crucibles, and Stour- 
bridge crucibles. The crucibles are made of various mixtures of 
raw and burnt clay, usually consisting of two-thirds raw, and the 
remainder of burnt clay, ashes, plumbago, &c. When plumbago 
is added they are called blacklead, or plumbago crucibles, and 
possess the advantage of having smooth surfaces, and of being 
able to stand without cracking excessive change of temperature. 
Clay crucibles should be capable of standing a high temperature 
without softening, should be able to undergo great changes of 
temperature without cracking, they should not be much attacked 
by substances fused in them, and they should be impermeable to 
liquids and gases. Crucibles are sometimes Uned with charcoal, 
when they are said to be brasqued. Iron crucibles are occa- 
sionally used in the assay of galena; porcelain and platinum 
crucibles are used for deflagrations and ignitions, in cases where 
the result has to be accurately weighed. 

Scorifiers are shallow vessels, with thick walls, made of fire- 
clay, into which is introduced any alloy from which it is desirable 
to remove the base metals, by causing them to. unite with the 
silica of the scorifier, and form a fusible slag. (Fig. i.) 





Fig. I. 

Cupels are small vessels in which assays of gold and silver are 

' made, which operation is called cupellation. Cupels are made of 

the ashes of burnt bones, finely powdered and sieved, and made 

of the proper shape by being moistened and forced into an iron 

mould. If the bone ash is not of a sufficient degree of fineness 
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the cupels easily break, and some of the assay is lost by sinking 
into the pores while the cupellation is proceeding. 

The material of which an assay 
is to be made should first be re- 
duced to a state of fine powder by 
means of a mortar and pestle (Fig. 2), 
and sifted through a sieve sufficiently 
fine. Sieves are called by the number 
of meshes in a hnear inch : thus, a 
60 sieve would have sixty meshes to 
the linear inch, and an 80 sieve would 
have eighty meshes, and so on. The 
operation of washing, or vanning, is 
often resorted to, in order to remove 
most of the gangue, or extraneous 
matter, before an assay of the ore 
proper is made. This is especially the case with tin ore, for if too 
much silica is present the ore is not completely reduced. 





Fig. 2. 



REDUCTION OP OXIDES. 

The oxides of most metals are reduced to a metallic state by the 
action of heat and carbon. The oxides of the metals, mercury 
(Hg), silver (Ag), and gold (Au), are reduced by heat without the 
aid of any other reducing agent. The heat, however, required to 
reduce the oxides in the presence of carbon varies with the dif- 
ferent metals. The temperature required for lead is comparatively 
low, that for copper and iron is higher, and that for tin and zinc 
very high. In all the experiments in this section, except Experi- 
ment 4, carbon is the reducing agent employed, which, however, 
in Experiment 9, is supplemented by potassium cyanide. When 
reduction occurs at a low temperature the carbon forms carbon 
dioxide, but at a higher temperature carbon monoxide, or a 
mixture of the two is formed. In Experiment 4, the heat to which 
the red lead is subjected is sufficient to reduce it to a lower state 
of oxidation, and, therefore, the reducing agent is heat. 
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The following metals are reduced from their oxides by heat 
alone: — Gold (Au), iridium (Ir), mercury (Hg), platinum (R), 
palladium (Pd), rhodium (Rh), ruthenium (Ru), silver (Ag). 

Experiment i. — We^h out 300 grs. of lithai^ (P^O) and 



Fig. 3- 

12 grs. of finely powdered wood chareoal (C), mix well together 
on a piece of glazed paper, and introduce into a small crucible ; 
heat in wind furnace (Fig. 3, see also Frontispiece), with a moderate 
fire, for about 7 minutes. The reaction takes place at a red heat, 
lead (Pb) is reduced, and carbonic anhydride (COi) liberated, ac- 
cording to the equation : — 

2PbO + C = CO,+ aPb. 
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When the contents of the crucible appear liquid, pour into hemi- 
spherical mould (Fig. 4), allow to cool, and weigh the button of 
lead. The above equation gives for the reaction of this experi- 
ment two products, namely, metallic lead and gaseous carbonic 
anhydride, to produce which the whole of the material intro- 
duced is necessary. If, therefore, any other substance is produced, 
the experiment is faulty, and should be repeated. The substance 
that might possibly be produced is silicate of lead, which is a 
glassy, yellow substance, which does not pour so readily as lead 
from the crucible. It has the composition 2 Pb O, Si Oa, and is 




Fig. 4. 

formed by the combination of the acid silica of the crucible with 
the basic oxide of lead. If any of this silicate is formed it must 
be at the expense of the lead, and, consequently, the weight of 
the lead obtained will fall short of the quantity obtainable from 
the 300 grs. of litharge taken. If no silicate is formed, the 
crucible may be used for another experiment, after removing any 
shots of metal that may have adhered to the inside. 

It may be ascertained by a very simple calculation what the 
weight of the lead obtained should be. As the sum of the atomic 
weights* of Pb O is to the atomic weight of Pb, so is 300 grs. 
(the quantity of litharge taken) to the quantity of lead produced. 

Pb = 207 

O = 16 PbO Pb PbO Pb 



Pb = 223 As 223 



207 : : 300 : x 

£^2^1^=278 grs. Pb. 
223 



If the weight of the button of lead corresponds somewhat to 
the above quantity, making allowance for a small quantity of 
impurity in the litharge, the next experiment may be proceeded 
with. 

• See Appendix C for table of atomic weights. 
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Experiment 2. — Take 300 grs. of Pb O and 25 grs. of charcoal. 
Mix well together, transfer to crucible, and heat as before for 
about 7 minutes. Pour into mould, and describe the ap- 
pearance of the product. In this experiment the mass is not 
altogether melted, but consists of a quantity of charcoal, amongst 
which the reduced lead is distributed as fine shots. 

The lead may be separated from the unused charcoal by turn- 
ing the whole out into a dish containing water, when the charcoal, 
owing to its inferior specific gravity, may be washed away. The 
chemical action may be expressed by the equation : — 

2PbO + 2C = COa + 2Pb + C. 

As before, the two new substances produced are Pb and CO2. 
In this case, however, one-half of the charcoal remains unused, 
the other half being sufficient to allow of the chemical changes 
taking place. This excess of charcoal acts mechanically in pre- 
venting the particles of lead from uniting together, and so 
forming one button, as in Experiment i. There should be the 
same quantity of lead produced as in the former experiment, 
there having been the same quantity of litharge taken, none of 
which has escaped reduction. 

Experiment 3. — Take 300 grs. of litharge and 6 grs. of charcoal. 
Mix, and heat in crucible for about 5 minutes, and pour into 
mould. On examination the product will be found to consist 
of two parts : the bottom and central portions of lead, and the 
remaining portion of fused litharge. The chemical change may 
be thus expressed : — 4 Pb O + C = CO2 + 2 Pb -F 2 Pb O 3 showing 
that two parts of Pb O are in excess of the charcoal taken to reduce 
it It is particularly necessary in this case to observe the riile as 
to temperature, owing to the increased tendency to form silicate, 
from the fact of Pb O, the base of the silicate, being melted in 
contact with the silica of the crucible. Fused litharge and silicate 
of lead have very much the same appearance, but they may be 
readily distinguished by breaking. The fracture of the litharge is 
crystalline, while tliat of the silicate is vitreous. 

Experiment 4.— ^Take 300 grs. of red lead (Pbg O4),* melt in 
a crucible, and pour into mould. The product is crystallised 
litharge ; the time^ required is about 5 minutes. This is an 
example of reducing to a lower state of combination, while the 
first three experiments were examples of complete reduction and 

* The red lead of commerce is more correctly represented by Pb^Os. — 
Valentin. 
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separation of the metal. The litharge may now be crushed in a 
mortar, when it will be observed that it has the same appearance 
as that which was taken for reduction in the former cases, the 
crystalline appearance of the fused litharge being lost by crushing. 
The litharge should be weighed, and compared with the calculated 
quantity, which may be ascertained in the same manner as before. 
Equation : — 

Pb804 = 3PbO + 0. 

As the sum of the atomic weight of red lead is to the molecular 
weight of the litharge produced, so is 300 to the actual weight in 
grs. of litharge formed. 

Pb8=62i 

O4 = 64 Pbs O4 3 Pb O Pbs O4 Pb O 



Pbs Q4 = 68 5 As 685 : 669 : : 300 : x 

3 Pb = 62i 660x300 ^, ^ 

30= 48 -^3A_=,9x-5grs.Pba 



3PbO = 669 



Experiment 5. — Weigh out 300 grs. of red lead and sufficient 
charcoal to reduce it according to the equation : — 

Pb8 04+2 C = 2 C0a + 3Pb. 

Mix well together, and heat in crucible for about 7 minutes; 
pour into round mould and weigh the lead obtained. Calculate 
the quantity of charcoal required. First get the molecular weight 
of Pbg O4 and twice the atomic weight of C : — 

Pbs = 62 1 

O4 = 64 Pbg O4 2 C Pbs O4 C 

: X 

= 10*5 grs. charcoal. 

As the powdered charcoal is not pure carbon, but contains 
earthy matter and moisture, a little more than demanded by the 
equation should be taken, viz., 12 grs. 

The calculation of the quantity of lead produced should also 
be made, thus: — 

PbsO^ sPb PbsO^ Pb 
As 685 : 621 :: 300 : x 

621x300 ^, 

—^ = 272 grs. Pb. 



Pb8 04 = 685 
2 C= 24 


As 685 


: 24 : : 300 
24 X 300 
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Experiment 6. — Take 300 grs. of cupric oxide (Cu O), and 
sufficient charcoal to reduce it according to the equation : — 

CuO + C = CO + Cu. 

When reduced and melted pour into mould. A higher tempera- 
ture will be required for this experiment than for any of the 
preceding ones. The C combines with the oxygen in a different 
proportion, as shown by the equation, carbon monoxide (CO) 
being formed, and not CO, as in the other experiments where 
lead was the metal dealt with. CO, cannot exist at high tem- 
peratures, but is immediately converted into two parts of CO by 
taking up another atom of C. The required amount of charcoal 
may be calculated by ascertaining the molecular weight of cupric 
oxide and the atomic weight of C. 

Cu = 63 • 

O =16 CuO C CuO C 



Cu = 79 As 79 : 12 :: 300 : x 

_, 12x300 . , , 

C = 1 2 — = 43 grs. of charcoal 

79 

As before, a little excess of charcoal should be taken to allow 
for impurities. 

The quantity of copper that should be produced may be 
ascertained in the same way. 

CuO Cu CuO Cu 

79 ' 63 : : 300 : x 

63 X 300 -, 

-^ — - — =239 grs. Cu. 

79 

Experiment 7. — Take 100 grs. of zinc oxide (Zn O) and 
sufficient charcoal to give reaction : — 

ZnO + C = Zn + CO. 

Mix well together and place in crucible in a hot fire for about 
half an hour. For calculation of charcoal required : — 

Zn = 65 

O =16 ZnO C ZnO C 



ZnO = 8i As 81 : 12 :: 100 : x 

12 X 100 
C = 1 2 — =15 grs. charcoal. 



Reduction of Oxides, 1 1 

Zinc is a metal that requires a high temperature for its reduction, 
and it is also one of the most volatile metals. The heat neces- 
sary to reduce the oxide is greater than that required to vaporise 
the metallic zinc, therefore, instead of collecting and forming a 
button in the crucible, it passes away as zinc fume and condenses 
as zinc oxide in the flue and around the top of the crucible. It 
must be understood that zinc oxide is reduced as the other 
metallic oxides have been in the former experiments, but in this 
case the metal is not collected. When it is desired to collect the 
reduced zinc the operation must be performed in a closed retort, 
which, of course, must be made of some material, as fireclay, that 
will withstand the temperature. The volatilised zinc may be seen 
burning with its characteristic blue flame combining with the O of 
the air, and forming zinc oxide (Zn O). If the proper quantity of 
charcoal is taken, and the zinc oxide is pure, the c^cible may be 
taken from the fire quite clear, as it will be seen from the equation , 
that only two substances are formed, the gas, CO, and the metal 
zinc, which is in a gaseous state. It may be noted that CO is 
formed, owing to the high temperature employed, and not COj, 
as in the earUer experiments. 

Experiment 2). — Take 500 grs. of tin oxide (SnOa) and 100 
grs. of anthracite. ThQ putty pom der oi commerce may be used 
for the Sn O2, and the anthracite should be powdered and passed 
through a 60 sieve. Heat in a small blacklead crucible for 
20 minutes at a high temperature. Remove from the fire 
and stir round the inside of the crucible with a piece of wood. 
This detaches any small shots of metal that may have been 
adhering to the sides and causes them to collect at the bottom 
of the crucible. Replace the crucible in the fire for 10 minutes; 
pour into mould, and when cold turn into a dish containing water. 
Wash away the excess of anthracite and fuse remainder in small 
clay crucible with 30 grains of carbonate of soda (Nag COs) ; pour 
when melted, and weigh the button of tin. 

Sn02+2 C = 2 CO + Sn. 
To find the quantity of tin \— 



Sn=ii8 






Oa= 32 


SnOa 


Sn Sn Oj Sn 


Sn02= 150 


As 150 


: 118 :: 500 : x 

118x500 ^ 
,_ =393gi*s. Sn 



150 



1 2 Reduction of Oxides. 

To find the percentage 393 -r 5 = 78*6 per cent. 

The temperature required to reduce tin oxide is high, while 
that required to melt it is low, tin being one of the most fusible of 
metals.* Anthracite is used in the tin reduction process in pre- 
ference to charcoal on account of its superior density, which 
prevents its being burnt away to the same extent as charcoal 
would be at the high temperature used in these reductions. 

Experiment 9. — Take 100 grs. of tin oxide (Sn02), and 100 
grs. of potassium cyanide (KCy), and 30 grs. of anthracite. 
Place in clay crucible, and heat for 10 or 15 minutes. Pour into 
mould, detach slag, and weigh tin. 

Sn O2 + K Cy = K Cy O + Sn. 
SnOs+ 26= 2 CO +Sn. 

This is the first experiment in which a slag had been produced, 
and it consists of potassium cyanate (K Cy O), together with the 
impurities of the tin oxide. The KCy and the anthracite are 
the reducing agents, and the reduction should be as complete, 
and consequently the percentage of tin as great, as before. 

Experiment 10. — Take a lump of hematite (FeaOg) about the 
size of a walnut, and after weighing place in a crucible, cover 
with powdered charcoal, and heat at low temperature for one 
hour. The crucible should be kept covered with a piece of coke 
or a fireclay lid, allowed to cool and the contents turned out, 
when the piece of hematite will be found reduced to iron, and its 
colour changed from red to black. The heat should not be suffi- 
cient to fuse either the hematite or the iron. Although the 
product is iron, it is not malleable on account of its non-homo- 
geneity. This is an example of a metal with a high melting 
point, but whose oxides are reduced at a much lower tempera- 
ture. The varieties known as puddler's ore^ red ochre, or kidney 
ore, may be used in this experiment. The reaction may be 
expressed by the equation: — 

2 Fej08 + 3 C = 3 CO2 + 4 Fe. 

Or more correctly by : — 

Fea 08 + 3 CO = 3 COa+ 2 Fe. 

For in this case the reducing agent is CO. 

Weigh the reduced iron and calculate the percentage. 

* See Appendix B. 



Formation of Oxides, 1 3 

From the equation we see that 160 parts of hematite yield 112 
parts of iron, therefore 100 will yield in the same ratio. 

Fea =112 

Os = 4 3 Fe, Os 2 Fe Fe^ Og Fe 

Fea08=i6o As 160 : 112 :: 100 : x 

112 X 100 



160 



= 70 per cent Fe. 



Experiment 11. — Crush and pass through 60 sieve a sample 
of hematite ; weigh out 200 grs., and mix with 50 grs. of charcoal 
and 100 grs. of powdered glass (free from lead). Lute* the 
lid on the crucible, dry gradually and heat for i hour at the 
highest furnace temperature. The equation expressing the change 
is the same as before : — 

2Fej08 + 3C = 3COa + 4Fe. 

The action of the glass is to form a fusible slag, the advantage of 
which is that the metal, owing to its superior specific gravity (sp. gr.), 
sinks to the bottom and forms one button. The weight of the 
button divided bjr 2 gives the percentage of iron in the ore. 



FOBMATION OF OXIDES. 

All metals may be made to combine with oxygen (O) although 
their affinities for that element differ widely. Some combine at 
all temperatures if in contact with the air, e,g,^ barium (Ba), 
calcium (Ca), lithium (Li), potassium (K), sodium (Na), and 
strontium (Sr), and can only be reduced to a metallic state with 
difficulty. On the other hand, some metals possess so little affinity 
for O that they cannot be made to combine with it directly, and 
on the application of heat to their oxides they become reduced to 
the elementary state, e.g,^ Au, Pt, and Ag. 

The common metals unite with O when heated in the presence 
of air, e,g^ antimony (Sb), bismuth (Bi), copper (Cu), iron (Fe), 
lead (Pb), tin (Sn), zinc (Zn), &c. 

It will be noticed that there are two oxides of lead that may 

* See Appendix A, note i. 
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be formed by heating lead in contact with the air — the plumbic 
oxide, massicot or litharge (Pb O), and the red oxide, red lead or 
minium (Pbs Oi). Pb O may also be obtained by heating lead 
nitrate, carbonate, or oxalate, in contact with air, when it is of a 
yellow colour. If the massicot is heated to a full red heat, it 
melts and forms the crystallised variety called litharge. If litharge 
is heated with many metallic oxides it yields fusible compounds, 
even though the metallic oxide may of itself be infusible, e.g,^ 
Fe2 Og, Sn Oj, and Zn O. 

Pbg O4 is produced by roasting the Pb O for some time, when 
it becomes further oxidised. It is used largely as a pigment, and 
in the manufacture of glass. If heated to a bright red heat it is 
decomposed, O being given off and Pb O remaining. 

Pbs 04= 3 PbO + 0. 

Tin oxide (Sn Oa) is prepared in the same way as Pb O, and 
the crude oxide is removed as fast as formed, and then subjected 
to a further calcination for the production of putty powder, which 
is used for polishing. 

The product of burning vapour of Zn has the composition 
Zn O ; it is yellow when hot, and white when cold. It is used for 
the production of the pigment known as zinc white, 

Cupric oxide (Cu O) is produced when finely-divided copper 
is heated for some time in the presence of excess of air. The red 
oxide of copper, cuprous oxide (Cua O), is made by melting the 
black oxide with metallic copper in the proper proportions. 

It is possible to produce Cua O by fusing two parts of Cu O 
with one part of carbon, according to the equation : — 

2 CuO + C = CO + CuaO. 

This operation is not, however, reliable, as very frequently 
some of the oxide is reduced to the metallic state, and the rest 
remains unaltered. 

The pure variety of Cuj O is used to impart a ruby colour to 
glass. 

Experiment 12. — Weigh out 300 grs. of lead. Place in 
roasting dish (Fig. 5), and melt in muffle at a low temperature, when 
the surface of the lead will become oxidised. The oxide should 
be removed with an iron scraper, so as continually to expose fresh 
surface for oxidation, until the whole has been converted into 
oxide. The oxide formed has the same composition as litharge, 
but has not the same appearance. On examination it will be 
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found to contain some unoxidised lead, which should be separated, 
remelted in the dish, and treated as before. This particular form 
of oxide of lead is termed massicot^ and may be converted into 




Fig- 5. 

litharge by fusion, in which case the melted mass may be poured 
into a mould, and compared with the result of Experiment 4. The 
change may be thus expressed : — 

Pb + = PbO. 

Care should be taken not to get the temperature too high 
during the process of oxidation, or the massicot will melt and 
combine with the substance of the dish, forming silicate of lead. 
The litharge formed from the fusion of the massicot may be made 
to take up another atom of O, and become converted into red 
lead, by first reducing it to powder, and then heating it in a 
roasting dish for an hour, with occasional stirring. 

3PbO + = Pb8 04. 

The massicot should have been weighed before melting, and 
the increase of weight noted. Every 207 parts of lead take up 
16 parts of O from the air, therefore the ratio is as 

Pb PbO Pb PbO 

207 : 223 :: 300 : x =323grs. PbO. 

I 

Experiment 13. — Take 300 grs. of tin, and proceed as in 
the last experiment. The precautions as to heat need not be 
observed in this case, as the oxide of tin is infusible, con- 
sequently there is no risk of forming silicate. The increase 
in weight should be noted, and it will be found that every 118 
parts of tin will take up 32 parts of O. 

Sn + Oa = SnOa. 
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Find the increase in weight of quantity taken. 

Sn=ii8 

Oa= 32 Sn SnOa Sn SnOa 

SnOa= 150 As 118 : 150 :: 300 : x =381 grs. SnOa- 

If, on weighing, this increase has not been obtained, it* should 
be returned to the muffle for some time, and the mass stirred 
occasionally. 

Experiment 14. — Melt 300 grs. of Zn at low temperature in 
a crucible covered with a loosely-fitting lid. Increase the tem- 
perature until the Zn is converted into zinc oxide, Zn -h O = Zn O. 

This experiment is performed in a wind furnace. 

As seen in Experiment 7, zinc may be readily converted into 
vapour by the application of heat, which vapour, coming in con- 
tact with the atmosphere, burns with its characteristic blue flame, 
forming zinc oxide. When this blue flame is no longer seen, 
remove crucible from the fire, and notice that the oxide is yellow 
while hot and white when cold. 

Experiment 15. — Take 300 grs. of copper filings, and roast in 
muffle for i hour at a red heat, stirring occasionally. The red 
metallic copper will be converted into a black non-metallic mass 
of cupric oxide (Cu O), Cu -h O = Cu O. 

Cu = 63 

O =16 Cu CuO Cu CuO 



Cu 0=79 As 63 : 79 ::3oo : x =376 grs. CuO. 

Experiment 16. — Take 300 grs. of Cu and sufficient cupric 
oxide to form cuprous oxide, according to the equation : — 

Cu4-CuO = CuaO. 

Cut the copper into small pieces, and mix with the cupric 
oxide. Place in crucible, and heat in wind furnace at a high 
temperature. This operation should be carefully watched, and 
the contents of the crucible poured immediately upon showing 
signs of fusion. There is, perhaps, no base which has so great an 
affinity for silica as cuprous oxide. When these are heated in 
contact, combination will be sure to take place, forming a fusible 
slag, having the composition 2 CugO, SiOa- If this is allowed 
to remain in the crucible for even a few seconds at a high 
temperature, the crucible will be perforated and the contents 
lost. The cuprpus oxide should be weighed, and the theo- 
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retical quantity calculated. The calculation for the cupric oxide 
required is — 

Cu CuO Cu CuO 
As 63 : 79 :: 300 : x =376grs. CuO, 

and for the cuprous oxide formed — 

Cu CuaO Cu CuaO 
As 63 ; 142 :: 300: x = 676 grs. Cuj O, 



FOBMATION OF SULPHIDES. 

Sulphur may be made to combine with all the metals, but its 
affinity for the noble metals is so slight that their sulphides may 
be reduced by heat alone. 

Lead and sulphur combine readily when heated together in a 
closed vessel, or they may be made to combine by heating Pb O 
with excess of sulphur. In either case the resulting sulphide is 
brittle, and of a bluish grey colour. Its composition is expressed 
by Pb S. 

Copper sulphide (Cuj S) is formed by heating Cu and S to- 
gether in a closed vessel, combination taking place with incan- 
descence. The sulphide, when melted and poured, is of a grey 
colour and semi-metallic appearance. 

When iron and sulphur are heated together, they unite in 
proportions varying with the heat employed; the composition, 
however, may be taken to be Fe S, when made in an open crucible. 
It is a brittle body of semi-metallic appearance with a grey fracture, 
and is used for the production of sulphuretted hydrogen (Hg S), 
which gas is liberated when the sulphide is treated with hydro- 
chloric acid (H CI) or dilute sulphuric acid (Hj SO4). 

The coarse metal and the blue metal of the Welsh method of 
copper smelting, may be produced by melting together iron and 
copper sulphides (FeS and CuaS) in proper proportions. The coarse 
metal contains 30 per cent to 35 per cent copper, and about the 
same quantity of iron and sulphur. The blue metal contains 55 
per cent to 60 per cent of copper, 1 2 per cent to 1 6 per cent of 
iron, and about 20 per cent of sulphur. 

c 
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Sulphide of tin, produced by the direct union of tin and 
sulphur, has a bluish colour, and is difficult to pulverise, being 
somewhat malleable. The product frequently contains some un- 
altered tin. 

Experiment 17. — Take 1000 grs. of granulated lead, and 
sufficient sulphur to form lead sulphide (Pb S), mix, and place in 
crucible. Heat at high temperature, having the crucible well 
down into the fire, and kept covered with a piece of coke. When 
all the lead is converted into sulphide, pour into hemispherical 
mould, allow to cool, and break to see crystals. The calculation 
for the sulphur required may, as before, be obtained from the 
equation : — 

Pb + S = PbS. 

Pb S Pb S 

207 : 32 :: 300 : A: = 46grs. S. 

The quantity of sulphide produced: — 

Pb PbS Pb ' PbS 

207 : 239 :: 1000 : x = 1 154 grs. PbS. 

The lead is granulated by first melting in a crucible or 
ladle, allowing it to cool down until nearly on the point of 
solidifying, and then pouring into a box which has been pre- 
viously black-leaded, and violently shaking it, when the lead, 
which is brittle just below its melting point, breaks up into 
particles more or less fine, according to the skill with which 
this has been performed. The best method of making sul- 
phides is to weigh out the theoretical quantity of flowers of 
sulphur and mix with small pieces of metal, and after heating 
for 5 minutes in a hot fire, drop into the crucible a lump of 
roll sulphur about as large as an almond. In a short time the 
sulphide should be poured. 

Experiment 18. — Take 400 grs. of copper, and sufficient sulphur 
to form cuprous sulphide (Cuj S). Proceed as in the last experiment, 
and when converted into sulphide pour into mould. Fracture 
when cold, examine, and weigh. There should be no metallic 
copper remaining. The calculation for the quantity of sulphur is 
obtained from the equation : — 

2 Cu-l-S = CuaS. 

2Cu S Cu S 

126 : 32 :: 400 : jif=ioi grs. S. 
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The quantity of sulphide produced: — 

Cu CuaS Cu CUjS 

126 : 158 :: 400 : x =501 grs. CujS. 

Experiment 19. — Cut up into small pieces 400 grs. of hoop 
iron, and mix with sufficient sulphur to form ferrous sulphide 
^FeS). Proceed as before, and pour into mould. When cool, 
fracture, examine, and weigh. 

Fe + S = FeS. 

Quantity of sulphur required : — 

Fe S Fe S 

56 132 : : 400 : x = 228 grs. S. 

•Quantity of sulphide produced : — 

Fe FeS Fe FeS 

56 : 88 :: 400 : x =628 grs. FeS. 

Experiment 20. — To make coarse metal. Take 200 gr§. of 
Cuj S and sufficient Fe S to give reaction, as shown by the equa- 
tion : — 

Cu,S4-3 FeS = Cu,S, 3 FeS. 

Crush finely, mix, and melt in crucible, and pour into round 
mould; when cold, break and examine fracture, comparing it 
with that of the ferrous sulphide. This corresponds somewhat 
with the product of the second stage of the Welsh copper-smelting 
process. 

Quantity of Fe S required : — 

Cu,S 3 FeS CuaS FeS 
156 : 264 :: 200 : x =334 grs. FeS, 

and the quantity of coarse metal produced : — 

Cuj S Cua S, 3 Fe S Cua S Cuj S, 3Fe S 
158 : 422 : : 200 : x 

= 534 grs. Cu S, 3 FeS. 

Experiment 21. — To make blue metal. Take 200 grs. of CutS 
and sufficient Fe S to give reaction, as shown by the following 
ecjuation : — 

2 CuaS4-FeS = 2 CujS, FeS. 

Crush finely, mix well together, and melt in crucible. Pour 
into round mould, allow to cool, and note the appearance. Com- 
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pare the fracture with that of the coarse metal. This corresponds 
somewhat with the product of the fourth stage of the Welsh copper- 
smelting process. 

Quantity of Fe S required : — 

CujS FeS Cu,S FeS 
316 : 88 :: 200 : x =55grs. FeS- 

Quantity of blue metal produced : — 

2Cu,S 2CuaS, FeS CujS 2 CujS, FeS 
316 : 404 :: 200 : x 

= 2557 grs. 2 Cua S, Fe S. 

Experiment 22. — Mix with 200 grs. of granulated tin sufficient 
sulphur for the following equation : — 

Sn4-S = SnS. 

Transfer to crucible, heat in fire until melted. Add a little 
roll sulphur, and pour the sulphide into a round mould. When 
cool, break and observe the appearance of the fracture. Weigh 
and compare with the calculated amount. 

Quantity of sulphur required : — 

Sn S Sn S 

118 : 32 :: 200 ; A: = 54grs. S. 

Quantity of sulphide produced : — 

Sn SnS Sn SnS 

118 : 140 :: 200 : x =237 grs. SnS. 



BBDUCTION OP SULPHIDES. 

When the sulphides of the noble metals are heated, they become 
reduced to the metallic state ; the common metals, however^ 
require some body to be heated with them to combine with the 
sulphur and to liberate the metal. 

A good example of the substitution of one metal for another 
in this way is shown in Experiments 23 and 25, where iron is made 
to combine with the sulphur, and at the same time the rarer metal 
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is liberated. Some sulphides are completely reduced with nitre 
(K NOs), and this is the case with sulphide of lead. In Experi- 
ment 24 an excess of nitre is taken which liberates the sulphur as 
SOa, and oxidises the lead, which is then reduced by the C of the 
wood. 

Alkaline carbonates partially decompose lead sulphide, and 
the reduction is complete when iron is added. In certain cases, 
when silicious lead ores are smelted in blast furnaces, iron, or 
iron producing material, is added to reduce the lead sulphide and 
form a fusible slag with the silica. 

When sulphides are exposed to the prolonged actions of heat 
and air, they are decomposed, and the sulphur combines with 
oxygen, and passes off as SO2. When lead sulphide is thus treated, 
a portion is oxidised to sulphate (Pb SO4), and the remainder is 
oxidised to Pb O. The sulphate thus formed is soluble, and may 
be tested for by the method described in Experiment 26. 

On roasting copper sulphide it becomes oxidised, and converted 
into soluble sulphate, but on increasing the temperature the whole 
of the sulphur may be driven off as SOa- Zinc sulphide may also 
be converted into soluble sulphate by roasting. 

By partially roasting the metallic sulphides, and then heating 
to the melting point, the whole of the metal is liberated. This 
process, when applied to lead smelting, is known as the air-reduc- 
tion process, and is especially applicable to rich ores containing 
little silica. The silicious ores are best treated by the iron-reduc- 
tion process. 

Experiment 23. — Take 300 grs. of galena (Pb S) and sufficient 
iron to form ferrous sulphide and metallic lead, thus : — 

PbS4-Fe = FeS + Pb. 

The galena should be finely crushed, and passed through 40 
sieve. The iron should be cut into small pieces. Hoop iron or 
iron nails may be conveniently used. Heat in crucible until all 
action ceases, pour into mould, and when cold, fracture, and notice 
that the upper portion is Fe S and the lower portion is metallic 
lead. Compare the Fe S produced with the result of Experiment 
19. Detach the iron sulphide with a hammer, being careful to 
remove the whole of it, and at the same time to lose none of the 
lead. Weigh, and estimate the percentage of lead in the galena. 
Reserve the button of lead for the separation of any silver it may 
contain, by the process of cupellation, to be subsequently described. 
Artificial Pb S, the product of Experiment 1 7, may be used, in 



22 Reduction of Sulphides, 

which case, however, the lead obtained need not be reserved for 
cupellation. 

Calculation for quantity of iron required : — 

PbS Fe PbS Fe 

239 : 56 : : 300 : x =^o grs. Fe» 

Quantity of lead produced : — 

PbS Pb PbS Pb 

239 : 207 : : 300 : x = 259 grs. Pb^ 

259 
.*. -^^ = per cent. 

3 

Experiment 24. — Take 300 grs. of galena and mix with 150 
grs. of nitre (KNOs), heat the mixture in crucible for 10 minutes 
at a moderate temperature. Stir the contents with a piece of 
wood, and heat at high temperature for 5 minutes more. The 
nitre is in excess, and oxidises the sulphur and lead, forming SO» 
and Pb O, the former escaping as a gas. The C of the wood 
reduces the Pb O, producing metallic lead and COj. Weigh the 
lead, and compare with calculated quantity. 

Experiment 25. — Take 100 grs. of sulphide of antimony 
(SbaSs) and sufficient iron to reduce it according to the 
equation :— Sb^ S, + 3 Fe = 3 Fe S + Sb^. 

Crush the sulphide to a fine powder in an iron mortar, and use 
iron filings or iron wire cut up small. Mix, and heat in crucible 
at a moderate temperature, until all action ceases. Pour into 
mould, and when cold, fracture, and notice that the upper portion 
is Fe S and the lower portion is metallic antimony. 

Calculation of quantity of iron required : — 



Sba Ss 3 Fe Sba Sg 


Fe 


340 : 168 : : 100 


: ^ = 49 grs. Fe. 


The quantity of antimony obtained : — 




Sbj Ss 2 Sb Sb2 Sg 


Sb 


340 : 244 : : 100 : 


jc =72 grs. Sb. 



Experiment 26. — Break in small pieces 400 grs. of PbS. 
Roast in roasting dish in muffle with frequent stirring for i hour. 
The temperature should not exceed a dull red heat. Part of the 
lead is converted into sulphate, while SOg is given off, which 
changes may be shown by the equation : — 

2 PbS + 7 = PbSO,4-PbO + SOi. 
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The presence of lead sulphate may be proved by the following 
test : — Take 30 grs. of the roasted product, place in a test-tube, and 
add dilute hydrochloric acid (H CI), boil for a few minutes, pour off 
the clear solution into another test-tube, and allow to cool, when 
crystals of plumbic chloride (Pb Clj) will separate out. To the clear 
solution add a small quantity of hot solution of baric chloride 
(BaCls), when a white insoluble precipitate of baric sulphate 
(Ba SO4) will be formed The changes may be thus shown : — 

(a) Pb SO4 + 2 H CI = Pb CI, + H, SO4. 
{b) Hj SO4 4- Ba Cla = 2 H CI -h Ba SO4. 

Baric nitrate (Ba 2 NOg) may be used instead of baric chloride, 
when the change may be thus expressed : — 

H, SO^ + Ba 2 N08= 2 H NOs + Ba SO4. 

The presence of Ba SO4 proves the presence of Ha SO4, which 
depends upon, and, therefore, proves the successful roasting of the 
sulphide to sulphate. 

Experiment 27. — Heat 300 grs. of the roasted lead sulphide 
(see Experiment 26) for 5 minutes in a crucible, using a good tem- 
perature. When the contents of the crucible are tranquil, pour, 
and weigh the lead. In the preceding roasting operation it has 
been shown that only part of the lead sulphide has been oxidised 
to sulphate, and when the mixture is heated at a higher tempera- 
ture a reaction takes place between the lead sulphate and oxide 
and the unaltered sulphide, producing lead and liberating SOj. 
This may be shown thus : — 

Pb S + Pb S04= 2 Pb + 2 SOj. 
PbS + 2PbO = 3Pb-hSOa. 

Experiment 28. — Roast 200 grs. of powdered cuprous sulphide 
(CuaS), as in Experiment 26, test for copper sulphate by boiling 
a little in water in a test-tube, when its presence will be indicated 
by a blue colouration, copper sulphate (Cu SO4) being soluble in 
water, while copper sulphide is insoluble. Roast the main portion 
for I hour longer at a higher temperature (full red heat), when 
the Cua S will, on testing, be found to be converted into copper 
oxide (Cu O). Boil a httle in water as before, when, if all is 
converted into oxide, there will be no colouration ; if, however, 
this stage has not been reached, the roasting should be continued 
for half an hour longer. The following are the changes that take 
place — the first at a low temperature without any liberation of 
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sulphur, the second at a higher temperature, the sulphur being 
oxidised and escaping as SO2: — 

{a) 2 Cua S + 5 Oa= 2 Cu SO4+ 2 Cu O. 
{b) Cuj S + 2 Oj= 2 Cu O + SO,. 
{€) CUSO4 =CuO + SO,. 

Experiment 29. — Roast 200 grs. of powdered zinc blende 
until SOa ceases to be givei) off. The residue is zinc oxide, which 
should be weighed and compared with the former weighing. If 
the blende is pure, every 97 parts will lose 16, because ZnS 
becomes Zn O, therefore the 200 grs. will become 165 grs. 

2 ZnS + 3 02=2 ZnO + 2 SOj. 

Experiment 30. — Take 200 grs. of crushed galena (Pb S) and 
sufficient Pb O to give reaction : — 

PbS + 2 PbO = 3Pb + S02. 

Mix and heat in crucible for 5 or 7 minutes, taking care to 
prevent the formation of silicate. Pour and weigh the lead ob- 
tained. 

The calculation for the quantity of litharge required : — 

PbS 2PbO PbS PbO 

239 : 446 :: 200 : x =373 grs. PbO. 

The calculation for the lead obtained : — 
Pb S 2 Pb O 3 Pb Pb S Pb O Pb 



239 446 



-^Y- 



200 373 



685 : 621 :: 573 : ^^ = 519 grs. Pb. 

Compare the result with the weight of the button obtained. 
Experiment 31. — Take 200 grs. of copper sulphide and suf- 
ficient cupric oxide (CuO) to give reaction : — 

CUaS + 2 CuO = 4Cu + SOa. 

The copper sulphide should be finely crushed, and intimately 
mixed with the cupric oxide. Have a hot fire and heat mixture 
in crucible for about 10 minutes, pour the copper, and weigh 
carefully. 

The calculation for the copper oxide required : — 

Cua S 2 Cu O Cua S Cu O 

As 158 : 158 :: 200 : jt= 200 grs. CuO. 



Liquation^ 2$ 

The calculation for the quantity of copper produced : — 

CujS 2CuO 4Cu Cu,S 2CuO Cu 
158 158 • 200 200 



As 316 : 252 :: 400 : Jif = 319 grs. nearly of Cu. 

Experiment 32. — ^Take 200 grs. of lead sulphide (PbS) and 
sufficient lead sulphate (Pb SO4) to give the reaction as seen in 
equation below. Reduce the sulphide to a fine state of division, 
and mix with the sulphate. Place the mixture in a crucible, and 
heat in a hot fire for about 5 minutes, or until the contents of the 
crucible are tranquil Pour and weigh the button of lead, and 
compare with the theoretical quantity. 

PbS + PbS04=2 Pb + 2S0a. 
The calculation for sulphate required : — 

PbS PbS04 PbS PbS04 
As 239 : 303 : : 200 : x = 253 grs. Pb SO4. 

The calculation for the lead produced : — 
PbS PbS04 2Pb PbS PbSO^ 2 Pb 



239 303 



200 253 



As 542 : 414 :: 453 : ^ = 346 grs. of Pb. 



LIQUATION. 

The operation of liquation depends upon the fact that if an alloy 
of two or more metals is heated to the melting point of the more 
fusible constituent, it will melt and flow out, leaving the more 
infusible portion behind. If argentiferous copper be fused with 
lead, and cast into cakes, and subsequently heated to a tempera- 
ture above the melting point of lead, but below that of copper, the 
lead will flow from the copper, accompanied by the greater portion 
of the silver. The lead may then be cupelled for the separation 
of the silver, and the copper may be fused with more lead, and 
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treated in a like manner for the separation of the remaining silver. 
The argentiferous copper should be alloyed with lead in the pro- 
portion of I to 4 for liquation, and after the operation will retain 
about 15 per cent or 20 per cent of lead, and from '005 per cent 
to '0005 per cent of silver, depending upon the amount originally 
present 

Liquation is also resorted to in the metallurgy of tin, bismuth, 
antimony, &c. Tin is liquated out of a mass of crude metal 
containing besides tin, iron, arsenic, copper, and tungsten. The 
liquated tin is afterwards subjected to a process of refining. 
Bismuth is separated from its gangue by liquation, and antimony 
sulphide, by virtue of its fusibility, is also separated in this way 
from the extraneous matter occurring with it. 

Experiment 33. — Make an alloy of lead, silver, and copper in 
the following proportions: — 600 grs. of lead, 150 grs. of copper, 

and 10 grs. of silver; melt together 
in a crucible under a little charcoal, 
cast into a round mould, and' flatten 
out into a cake by hammering. Place 
the alloy on an inverted crucible lid, 
and so arrange the lid that when the 
alloy melts the metal will run off the 
lid into the crucible, on which the lid 
may be made to rest (Fig. 6). Heat 
the alloy in the furnace at a low 
temperature, when the lead, having a 
lower melting point than the copper, 
will become liquid, and flow away 
Fig. 6. from the copper, which will remain 

behind as a porous mass. The silver 
for the most part will accompany the lead, and may be separated 
in the operation of cupellation, to be described in the next section. 
Experiment 34. — Melt 350 grs. of tin at a low temperature, 
add 20 gis. of iron filings, and keep the tin melted for some time, 
until all the iron is dissolved in the molten bath of tin. When 
this is accomplished, add 40 grs. of arsenic (As), 10 grs. at a time. 
When all is melted and mixed, pour into an ingot mould. When 
cold, fracture, and note the crystalline arrangement. Liquate the 
alloy as in the last experiment, and cast the tin into an ingot 
mould. Fracture the ingot of liquated tin, and compare with the 
appearance of the original alloy. Repeat the liquation for the 
further separation of the impurities. The residue upon the lid 
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consists of iron, together with some tin and arsenic, and corres- 
ponds somewhat to the * hardhead * of the Cornish tin-smelting 
process. 

Experiment 35. — Take 200 grs. of the mineral stibnite (Sb^ Ss) 
and liquate as in Experiment 33. The antimony sulphide (SbaSg)^ 
will melt out and separate from the infusible gangue or matrix with 
which it is associated. 



CUPBLLATION AND SCOBIFICATION. 

CuPELLATiON has for its object the removal of base metals from 
noble ones by oxidation, and the oxides thus formed are either 
absorbed by the substance of the cupel or are removed in some 
other way as oxides. The operation is performed on some porous 
bed which does not contain silica or any body that combines 
with metallic oxides to form fusible compounds, e,g,^ either bone 
ash or marl. In the laboratory bone ash is always used, and is- 
moulded and hammered into the form of a shallow vessel having 
a thick bottom. Such a vessel is called a test or cupel. (L. Cupella^ 
a little cup.) A bone ash cupel will absorb about its own weight 
of litharge, so that if the quantity of lead in the alloy to be treated 
is known, a cupel of the proper size may be chosen. The oxides^ 
of lead and bismuth are the only ones that are absorbed by the 
substance of the cupel, but either of these oxides is capable of 
dissolving a certain quantity of other oxides, notably copper, and 
carrying them into the cupel. For example, if it is required to- 
separate by cupellation gold and silver from an alloy of those 
metals with copper, either lead or bismuth must be added; so 
that the copper as it oxidises may be dissolved in the oxide of 
lead or bismuth and so be absorbed by the cupel, leaving the 
gold and silver in a pure state. Lead is used in preference to- 
bismuth on account of its cheapness. 

Cupels should be carefully and slowly dried before being used* 
They must be free from cracks, and capable of being handled 
and taken hold of with the cupel tongs without crumbling ta 
pieces. When one of the proper size has been selected it should 
be placed in a hot muffle, the bottom of which is covered over 
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^ith sand or bone ash to preserve it from injury in case any lead 
is spilt, and when the cupel has attained the same temperature as 
the muffle, the button or alloy to be cupelled is placed in it. 
The front of the muffle should then be closed until the alloy is 
melted, when air should be admitted and the operation allowed 
to proceed until finished. 

As silver is somewhat volatile the operation of cupellation should 
be carried on at as low a temperature as possible, but at the same 
time the temperature must be sufficient to keep the litharge formed 
•during the process, in a well fused state. If the temperature is too 
low the extra time required for the cupellation would cause the loss 
-due to volatilisation to be greater than when a higher temperature 
with shorter time was employed. When the cupels appear white, 
and the fumes, scarcely visible, ascend straight to the top of the 
muffle rapidly, the heat is too great When the fumes are thick 
and very slow in movement, and the litharge is not readily 
absorbed by the cupel, the heat is insufficient. 

It has been shown that when copper is cupelled it is necessary 
to add lead in order that the oxide of copper formed may be 
•dissolved in the molten oxide of lead, and by that means be 
removed, and in Experiment 39 the student may determine the 
•quantity of lead required for i part of copper. In Experiment 40, 
where antimony and tin are heated on cupels, they are not 
absorbed by the cupels but remain behind in the form of oxides. 
If silver is present the oxides act mechanically in preventing the 
particles of silver from running together to form one button, and 
thus tend to a loss of silver. An alloy containing silver with these 
metals, or a large proportion of copper, should first be treated by 
scorification for their removal as silicates, and finally cupelled 
with lead for the separation of the silver. 

In the process of scorification the metals oxidise and form 
fusible silicates by the combination of the metallic oxides with 
the silica of the scorifier. The operation is allowed to proceed 
until the surface of the molten metal is covered with the silicate, 
when the contents of the scorifier are poured and the slag broken 
away from the metallic portion. 

Care should be taken not to carry the operations of cupellation 
and scorification too far ; for in the one case the cupel would 
become saturated and the oxides pass through the bottom and 
corrode the muffle, and in the other case the scorifier would be 
perforated and the contents lost in the muffle. 

Experiment 36. — To Make Cupels, — Pass a quantity of bone 
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ash through a 60 sieve, and mix it with sufficient water to enable- 
it to dot together when squeezed in the hand (Figs. 7, 8, 9). 
Fill the cupel mould with the moistened bone ash, and force in 
the plug with two or three blows of the hammer. Remove cupel 
(Fig. 10), and put in a warm place to 
dry. Cupels should be kept for some 
time before using. 

Exptrimmt 2,1- — Take three small 
cupels; place in muffle until red-hot. 
Introduce into one 50 grs. of lead, into 
another 50 grs. of copper, and into the 
third 20 grs. of silver. Keep at a bright 
red heat for half an hour, remove cupels, 
allow to cool, and note the contents 
and appearance of each. The first will 
be found empty, the lead having all 
been oxidised and absorbed, leaving a 
straw-coloured stain.* In the second 
the copper will not have been melted, 
but will be covered with a black scale 
of cupric oxide (CuO), under which 
may be noticed a thin layer of red 
cuprous oxide (Cu, 0). In the third 
the silver will have been melted, but 
will have suffered no other change. 
The weight of each should be noted, when it will be found that 
the lead, although apparently lost, has increased in weight due- 
to oxi^tion. The copper may be removed from 
the cupel, and will also be found to have increased 
in weight. The silver should be of the same 
weight as before. 

Experiment 38. — Take the button of argenti- 
ferous lead, the result of Experiment 33, and place 
in a previously heated cupel in a hot muffle. Heat 
until the whole of the lead is absorbed, and the 
button of silver remains bright and globular. If 
the silver is not bright, more lead must be added, and the cupel- 
lation continued. The weight of the silver obtained should 
correspond with the amount of silver introduced into the alloy. 

Experiment 39. — Take three cupels, heat in muffle, and put 
into each 20 grs. of copper. Into the first put also 20 grs. of lead. 
• See Appendix A, note 6. 



Figs. 7, 8, 9. 
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to assist the copper to melt. Into the second put 150 grs. of 
lead, and into the third put 300 grs. of lead. Heat them in a 
muffle until the third cupel is empty, when they should be removed 
and allowed to cool. Notice that the copper in the first has not 
sensibly diminished in quantity, that the copper in the second has 
diminished about one-half, and that the copper in the third has 
•entirely disappeared. Observe the dark coloured stains on the 
-cupels due to copper. 

Experiment 40. — Take four cupels, heat in muffle until red- 
liot. Put into (^7) 20 grs. of antimony (Sb) and 280 grs. of lead ; 
into (b) 20 grs. of tin (Sn) and 280 grs. of lead ; into (r) 10 grs. of 
silver, 10 grs. of antimony, and 260 grs. of lead; and into (d) 10 
grs. of silver, 10 grs. of tin, and 260 grs. of lead. Heat in muffle 
until all the lead is oxidised and absorbed. Allow to cool, and note 
the contents of the cupel in each case. The antimony in (a) and (c) 
will have formed a closely-adhering ring of oxide Sbj Oa, mixed with 
a little Pb O around the inside of the cupel, at the level of the 
former surface of the alloy, and the cupels will be found to be cracked 
around the upper edge. In (b) and (d) the tin is converted into 
•oxide (Sn Oj), which is of a light yellow colour (due to traces of 
litharge), and is in a spongy form, and not closely adhering to the 
■cupel. The silver in {c) is isolated on the bottom of the cupel, 
but in (d) is covered by the oxide of tin. The antimony, being 
the most oxidisable of the four metals, is removed first before the 
alloy has been much diminished by the oxidation of the lead, and 
only when the bulk of lead has been absorbed is the tin oxidised. 
The infusibility of tin oxide prevents its absorption by the cupel. 

Experiment 41. — Make four alloys by melting in crucible 
binder a little charcoal, (a) 950 grs. of lead and 50 grs. of silver; 
{b) 800 grs. of lead and 200 grs. of copper; (c) 850 grs. of lead, 
50 grs. of copper, 50 grs. of silver, and 50 grs. of antimony ; and 
\d) 850 grs. of lead, 50 grs. of copper, 50 grs. of silver, and 50 grs. 
of tin. When thoroughly mixed, pour into hemispherical mould, 
flatten under a hammer, and divide each alloy, by means of chisel, 
into two parts. Fuse one half of each alloy in a scorifier, with the 
addition of 10 grs. of borax, for half an hour, at a good red heat 
Pour into mould, and when cold remove slag with a hammer. 
Introduce the button of alloy into a hot cupel, and heat again in 
muffle until cupellation is finished. Place the other halves of the 
alloys on cupels in a muffle at a good red heat, and allow the 
operation to proceed until finished. Compare the cupels used 
for the portion of the alloys that have been scorified, with those 
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used for the portions that have not been so treated. Weigh accur- 
ately the silver from both methods, and also notice the colour of 
the cupels and scorifiers used. 



EFFECTS OF IMPURITIES. 

Minute quantities of one metal when alloyed with another 
frequently alter its physical properties ; e,g,^ Professor Roberts- 
Austen noticed that gold alloyed with j^nnr P^^ ^^^^ of lead has 
its tenacity diminished from 18 tons per square inch to 77 tons 
per square inch, and when alloyed with ^^nn^ per cent of lead 
broke with a strain of 5*4 tons per square inch, which figure 
remained constant for any addition of lead. The gold bars on 
which the experiments were carried out, when pure, showed 20 
per cent of elongation ; but when alloyed with the lead showed 
practically no elongation. The same experimenter observed that 
the presence of '2 per cent of silicon greatly diminished the 
melting point of gold. 

The presence of a small quantity of cuprous oxide in copper 
very materially influences its tenacity and malleability, which proper- 
ties are also impaired by the presence of traces of antimony, arsenic, 
sulphur, &c., but when the latter elements are present (as they 
always are in commercial copper) a small quantity of cuprous 
oxide acts as an antidote, and the malleability and tenacity are 
restored to the copper. If commercial copper is melted under 
charcoal and cast, it is found to be less tenacious and less malle- 
able than before ; but if remelted and allowed to absorb oxygen 
from the air, it will be found to possess the same physical 
properties as before. Antimony, arsenic, sulphur, &c., in small 
quantities, also act on lead, and cause it to be less tough and 
malleable, and to show a distinctive fracture. A small quantity 
of iron in zinc causes the fracture to be much less crystalline. 

If zinc and lead are melted together and allowed to cool 
slowly they separate almost completely, the lead, owing to its 
superior specific gravity, being at the bottom. If any silver is 
present originally in the lead it will pass into the zinc, and this 
property is utilised by Parkes for separating silver from argen- 
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tiferous lead. For this separation he adds about 2 per cent of 
zinc to the argetntiferous lead and obtains a crust of zinc on the 
molten lead which is rich in silver and contains also a little of the 
lead. This crust is then subjected to a process of liquation, when 
the lead flows out, carrying the greater portion of the silver with 
it. The liquated lead is then cupelled for the separation of the 
silver, and the zinc crusts are subjected to a distillation whereby 
the zinc is volatilised, and the silver which it contains is left behind 
as a spongy mass. 

A small quantity of impurity in tin will cause the surface of 
an ingot to become dull through oxidation while cooling down 
from the molten state, at the same time, the surface of an ingot 
of pure tin will remain bright and smooth. By this simple mean$ 
the relative purity of commercial tin may be ascertained. 

If silver is kept in a state of fusion for some time in contact 
with oxygen or air, it will absorb about 20 times its own volume 
of oxygen, which it again liberates at the moment of solidification^ 
the evolution being attended with the projection of the metal into 
a number of protuberances on the surface of the silver. This is 
known as the spitting or vegetating oi silver, and may be prevented 
by cooling the metal slowly, so that the occluded gas may escape 
through the still fluid metal and not have to burst through the 
solidifled crust. The presence of a small quantity of copper 
prevents the absorption of oxygen and the subsequent spitting. 

Other metals have the power of absorbing gases, and the 
property of selecting particular ones from a mixture of gases; e,g,y 
platinum and palladium selecting and absorbing hydrogen, and 
iron taking up hydrogen and carbonic oxide. 

The presence of a small quantity ('5 per cent) of phosphorus 
in iron makes it unworkable in the cold state, and iron possessing 
this amount or more, is said to be * cold short, ^ The presence of 
a very small quantity of sulphur in iron ('15 per cent) will render 
it unworkable at a red heat, when it is said to be * red short,^ 

Iron will not alloy with silicon by simply heating iron and 
silica together, but in the presence of a reducing agent, at a 
sufficiently high temperature, the silica is reduced, the silicon 
combining with the iron to form silicon-iron. Iron may be made 
to combine with the necessary amount of carbon to form steel by 
fusing wrought iron, which cqntains practically no carbon, with 
cast iron, which contains a comparatively large amount, when the 
product is cast steel. 

Experiment 42. — Cast 600 grs. of lead into ingot mould 
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(Fig. ii), and when cool place the ingot across two supports 

about I inch apart, and strike with a hammer. Being a soft metal 

it will not fracture, but simply bend. 

If the ingot be heated nearly to its 

melting point and again struck with 

a hammer, it will break, exhibiting a 

transversely fibrous fracture, showing y'-^. ii. 

that lead at a few degrees below 

its melting point is brittle. Advantage is taken of this fact (see 

Experiment 17, p. 18) for obtaining lead in a fine state of division. 

Experimrnl \T,. — Renielt the last ingot and add 15 grs. of 
antimony. Cast into mould and fracture while hot. Remelt, 
cast, and fracture cold. Compare the appearance of the fracture 
with that of pure lead. 

Experiment 44. — Take 600 grs. of lead, melt and add 30 grs. 
of lead sulphide. Pour into mould, fracture as before both hot 
and cold. Compare the appearance of the fracture with that of 
the lead, and also with the lead made impure with antimony. 

Experiment 4^. — Melt 1000 grs. of copper under 20 grs, of 
charcoal ; when melted, stir with a piece of wood and pour into 
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ingot mould. The longitudinal ridge and the appearance of the 
fracture characteristic of ircer-poled copper should be noted 
(Fig, 12). Remelt without charcoal and add 10 grs. of cuprous 
oxide (CU)0), pour as before, and notice the depression of the 
ingot along its surface, and that the fracture is granular and of a 
brick-red colour. This is tmder-pokd copper (Fig, 13). Remelt 
the last ingot, and while melted, stir with a stick of green wood. 
Cast into ingot mould, when the surface of the ingot should be 
flat and the fracture silky and of a salmon-red colour, character- 
istic oi tough-pitch copper (Fig. 14). 

Experiment 46. — Melt 500 grs. of zinc at a low temperature, 
pour into mould, and when cold fracture and note appearance. 
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Remelt and add ao grs. of iron filings. Keep the zinc at a low 
temperature for 15 minutes, when the iron will gradually dissolve 
and form an alloy. Cast, fracture, and compare with the appearance 
of that of zinc alone. Melt 500 grs. of zinc at a low temperature 
and pour into ipgot mould ; heat the ingot to a temperature of 
100° to 150° C; place between two supports i inch apart, and 
strike with a hammer, when the ingot 
will bend. Heat to a temperature of 
about 300° C, when a blow with a ham- 
mer will cause it to break. 

Experiment 47. — Melt together 250 
grs. of lead and 250 grs. of zinc at a low- 
temperature. Pour into upright mould, 
remove when cold, and notice that the 
Fig. ,^, lead and zinc have separated, and that 

the zinc forms the upper portion and the 
lead the lower. The separation is, however, not complete, as a 
small amount of zinc remains with the lead, and a small amount 
of lead remains with the zinc. 

Experiment 48,^-Take 500 grs. of tin and melt at a low tem- 
perature. Remove crucible from the fire, and pour the tin, when 
showing signs of solidifying, into ingot mould. Notice that the 
surface of the ingot is bright and smooth. Remelt the ingot with 
20 grs. of lead and 10 grs. of iron, keeping the tin in a molten 
state for about 10 minutes to dissolve the iron. Pour at low 
temperature, and compare the appearance of the surface of the 
ingot with that of the surface of the pure tin. 

The product from Experiment 34 may be used instead of 
the last for showing the effect of impurities on the surface of 
tin. It is very important that the tin should be poured at a low 
temperature, for if it is poured hot, the surface of the pure tin will 
have somewhat the same appearance as that of the impure ingot. 

Experiment ^f^. — Take 50 grs. of standard silver, roll out into 
a thin strip, clean and dissolve in about z ozs, of dilute nitric acid 
(H NOs) in the proportion of i of acid to t of water. Dissolve 
50 grs. of common salt (Na CI) in 5 ozs. of distilled water. The 
silver and salt should be dissolved in separate beakers, aided by 
the application of heat When the silver is quite dissolved, dilute 
with distilled water to a pint. Heat both solutions to the boiling 
point, and add the solution of salt to the solution of silver, 
when a heavy ilocculent precipitate of silver chloride (Ag CI) will 
be produced. Allow to settle for some time, at least twelve 
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hours, decant the supernatant liquid through a fiUer paper, and 
finally wash the precipitate on to the filter paper. Wash with boil- 
ing water so that any traces of lead chloride that may be present 
may be dissolved out. (See Experiment 26, p. 23.) Dry the 
paper and precipitate, and transfer both to a large clay crucible, 
add 100 grs. of carbonate of soda (NajCOg), and heat in furnace 
at a good temperature for 10 minutes. Pour into a round mould, 
break away slag, which should be examined for shots of metal, 
and clean the button with hot water. Weigh the silver carefully, 
and compare the silver with former weighing. 

As standard silver contains 92*5 per cent of fine silver, the 
weight of the silver should be : — 

Stand, silver Ag Stand, silver Ag 

100 : 92*5 :: 50 \ x =46*25 grs. Ag» 

The chemical changes taking place are, the conversicfn of silver, 
copper, and lead into nitrates, which are soluble, thus : — 

3 Cu + 8 HN0a = 3 (Cu 2 N08) + 2 NO + 4 H^O. 
3Pb + 8 HN08 = 3 (I'b 2N08) + 2 NO + 4HaO. 
3Ag + 4HNOa= 3AgN08 +NO+2H2O. 

Then, upon the addition of the salt solution, the lead and 
silver are converted into insoluble chlorides, thus : — 

Pb 2NO8+2 NaCl = 2 NaNOs + PbCla. 
AgNOs + NaCl = NaNOa +AgCl. 

We have now the lead and silver in a solid form, and may 
separate them from the copper by filtration. Lead chloride, 
of which only a trace will be present, although insoluble in cold 
water, is soluble in hot water, and this forms a ready means of 
separating these metals. By fusing the silver chloride with car- 
bonate of soda, the following reaction takes place : — 

4 AgCl + 2 Na8C08 = 4NaCl-H2 Ag2-H2 COa + 2 O. 

The copper solution may now be treated for that metal by 
placing a strip of clean iron in the liquid, when the copper will 
be precipitated, and the iron will go into solution : — 

Cu2N08 + Fe = Fe2N08 + Cu. 

The copper should be collected, dried, and weighed. 
Experiment 50. — Heat two small cupels in muffle, and when 
red-hot place in each 10 grs. of silver, wrapped in 50 grs. of sheet 
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lead. When cupellation is finished, take out of muffle, cover one 
with an inverted hot cupel in order that it may cool slowly, while 
the other is allowed to cool quickly. The one cooled slowly will 
have a smooth surface, and the other will have ^ vegetated^ or 
'spit: 

Experiment 51. — Cut into small pieces 600 grs. of hoop iron, 
place in crucible, and heat until white-hot. Drop into the crucible 
one or two pieces of dry phosphorus about the size of a bean. 
The addition of the phosphorus will cause the iron to melt. 
Cast into ingot mould, and when cold, fracture. Notice the 
appearance of the fracture, and the different effects of hammering 
when hot and when cold. It is white iron and *• cold short: 

Experiment 52. — Heat 600 grs. of hoop iron as before. 
Drop in 30 grs. of sulphur, and increase the heat until the iron 
is melted. Pour into ingot mould, and when cold, fracture. 
Notice that the iron is white, and that the effect of hammering is 
different from that of the phosphoric iron, for it may be hammered 
while cold, but if hammered hot it will break, being * red short: 

Experiment 53. — Heat 600 grs. of iron filings with 50 grs. of 
sand for half an hour. The mass will be found to be somewhat 
agglutinated, but it may easily be reduced to powder in a mortar, 
and will have undergone no chemical change. Mix the powdered 
mass with 50 grs. of charcoal, and increase the heat until melted. 
Allow to cool in the crucible, and when cold, break the crucible 
and extract the button of iron. Fracture, and notice that the 
appearance is grey and highly crystalline, and that the iron is 
brittle and hard, containing both carbon and silicon. 

Experiment 54. — Take 600 grs. of iron filings and 50 grs. of 
powdered charcoal. Place in crucible and lute on the lid. Heat 
in very hot fire for 40 minutes. Remove crucible, and allow to 
cool in upright position, and when cool, break crucible, and extract 
the button of iron. Weigh carefully, and determine the quantity 
of carbon combined, from the increase in weight. Fracture, and 
notice the crystalline character, and the hardness and brittleness 
of the iron. This is cast iron. 

Experiment 55. — Heat, at highest temperature obtainable, 135 
grs. of cast iron with 265 grs. of wrought iron in a crucible having 
its lid luted on. After heating for about an hour, remove crucible 
and allow to cool. Break the crucible, and examine the button of 
cast steel produced. 
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FORMATION OP SILICATES. 

If silica is heated with cupric oxide (Cu O), oxygen is liberated 
and a silicate of cuprous oxide (Cug O). No silicate of the black 
or cupric oxide is known. Silica will combine with metallic 
oxides at a temperature lower than the melting point of the silicate 
produced, and this combination of two solid bodies without melt- 
ing is called ''fritting,^ Silicates of lead and iron may be produced 
in the same way. 

If iron sulphide is heated with copper silicate or with cuprous 
oxide and silica, silicate of iron and sulphide of copper are formed, 
owing to the superior affinity of copper for sulphur and of oxide of 
iron for silica. 

Experiment 56. — Take 200 grs. of black copper oxide 
(Cu O) and sufficient sand (Si O2) to give reaction : — 

4 Cu O + Si Oa= 2 Cua O, Si O2 + O2. 

The sand should be the fine white variety, and intimately mixed 
with the Cu O. Heat for 40 minutes in muffle at full red heat 
When cold, note the appearance of the product, which is silicate 
of copper, having the composition as shown above, and it should 
have been produced without melting. It will be seen from the 
equation that cuprous oxide is in combination with the silica, and 
not the cupric oxide that was taken, oxygen having been liberated. 
The calculation for the quantity of sand required : — 

4 Cu = 252 

4O = 6 4 4 Cu O Si O2 Cu O Si O2 
4 CuO = 3i6 316 : 60 :: 200 : x =38grs. SiOa. 

Si = 28 
2 = 32 



Si Oo = 60 



The calculation for the quantity of cuprous silicate produced : — 

2 Cua = 284 

Si 02= 60 4CuO 2CuaO,Si02 CuO 2Cu20,Si02 



2 CuaO, Si O2 = 344 316 : 344 :: 200 : x 

"^^"^^"^^"~" =217 grs. of 2 Cu2 O, Si O2. 

Experiment 5 7. — Take 400 grs. of oxide of lead (Pb O) and 
sufficient sand to give reaction : — 

2 PbO + Si02=2 PbO, Si02. 
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Place in scorifier as in the preceding experiment. Heat at low 
temperature, and when cold note the appearance. The product 
is silicate of lead, with composition as shown above, and should 
have been produced without melting. 

The calculation for quantity of sand required : — 

2 Pb = 4i4 

2 O = 32 2 PbO SiOa PbO SiOs 
2 Pb O = 446 446 : 60 :: 400 : x =53grs. SiOj. 

Experiment 58. — Take 200 grs. of finely powdered hematite 
and sufficient sand to form ferrous silicate. 

FejO. + SiOa=2 FeO, Si 0^ + 0. 

Heat in scorifier as before, and when cold note the appearance. 
It will be seen that the ferric oxide is decomposed with the 
formation of ferrous silicate and the hberation of oxygen. No 
silicate of the red oxide, Fcg Os, or the black oxide, Fes O4, is known. 
The calculation for the sand required : — 

2 Fe = 1 1 2 

3O = 48 FeaOg SiOa FeaOg SiOj 
Feg Os = 1 60 160 : 60 :: 200 : x =75grs. SiOj. 

The calculation for the quantity of silicate produced : — 

2 FeO= 144 
Si 02= 60 FeaOs 2 FeO, Si O2 FeaOs 2 FeO, Si O2 



2 FeO, Si 02= 204 160 : 204 :: 200 : x 

'^""■"■■^^^^""" = 255 grs. 2 Fe O, Si Oj. 

Experiment 59. — Take 200 grs. of silicate of copper, the 
product of Experiment 56, and sufficient ferrous sulphide (Fe S) to 
give reaction : — 

2 CujO, Si02 + 2FeS = 2 CU2S + 2 FeO, SiOa- 

Crush finely, mix and place in crucible, lute on lid, and heat 
strongly for half an hour. Allow to cool in an upright position ; 
break crucible and notice the contents. Break away from the 
copper sulphide the ferrous silicate which forms the upper portion. 
The weight of the copper sulphide should be noted and compared 
with the theoretical weight 

The calculation for the ferrous sulphide required : — 
2 Cua = 284 

Si 02= 60 2CuaO,SiOa 2FeS 2Cu2 0,SiOa FeS 

2 Cua O, Si Oa = 344 344 : 176 :: 200 : x 

= 102 grs. FeS. 
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The calculation for the quantity of copper sulphide produced: — 

2 CU2=252 

2 S = 64 2CU2O, SiOa 2CU2S 2CUaO, SiOa CUaS 
2 CuaS = 3i6 344 :' 316 :: 200 : x 

= 186 grs. CuaS. 

Experiment 60. — Take 200 grs. of silicate of lead and sufficient 
iron to reduce it 

2 PbO, SiOa+2 Fe=2 FeO, SiOa+2 Pb. 

Heat in crucible in a hot fire, and when all action has ceased 
pour into mould. Break away the ferrous silicate and weigh the 
lead. 

The calculation for the quantity of iron required : — 

2 Pb = 4i4 

4 O = 64 2 Pb O, Si O2 2 Fe 2 Pb O, Si Oa Fe 

Si = 28 506 : 112 :: 200 : x 

2 PbO, Si 02= 506 = 44 grs. of iron. 

Calculation for lead produced: — 

2PbO, SiOa 2 Pb 2PbO, SiOa Pb 

506 : 414 :: 200 : ^= 163 grs. of lead. 

Experiment di, — Take 200 grs. of silicate of lead and sufficient 
lime (CaO) and charcoal (C) to reduce it according to the 
equation — 

2 PbO, Si02 + 2 CaO + 2 C= 2 CaO, SiOa+ 2 C0 + 2 Pb. 

Heat together in a hot fire for 15 minutes. Pour, remove slag, 
and weigh the lead. The reduction in this case is imperfect, the 
whole of the silicate not being reduced. 
The calculation for the lime required : — 

2PbO,Si02 2CaO 2PbO,SiOa CaO 

506 : 112 :: 200 : jc = 44 grs. of lime. 

The calculation for the carbon required : — 

2 PbO, SiOa 2C 2PbO,Si02 C 

506 : 24 :: 200 : ^ = 9*5 grs. charcoal. 

The calculation for the quantity of lead reduced : — 

2PbO,SiOa 2Pb 2PbO,Si02 Pb 

506 : 414 :: 200 : ^= 163 grs. lead produced. 
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PUBL. 

The term fuel is applied to all material that is capable of being 
burnt for the generation of heat. Fuels used in metallurgical 
operations are divisible into two classes — natural and artificial. 
To the natural class belong coal, wood, peat, &c., and to the 
artificial class, coke, charcoal, &c. Only carbon and hydrogen in 
coal are capable of producing heat, and in the case of charcoal 
and coke, only carbon. Carbon may be burned to CO or CO2, 
but hydrogen always forms Ha O. Coal may be subdivided into 
three varieties — lignite, bituminous coal, and anthracites. The 
lignites are brown or black in colour, with a dull shining lustre, 
and often having a wood-like appearance. The bituminous coals 
bum with a more or less smoky flame, and those varieties which 
occur in the middle of the series, and farthest removed from the 
lignites and anthracites, have the property of becoming converted 
into a hard, vesicular mass called coke^ when heated for some time 
without access of air. These particular kinds of coal are called 
caking coal. The anthracites have a bright, shining appeau-ance, 
and do not soil the fingers when touched. They contain a larger 
percentage of carbon, and much less volatilisable substances, and 
they are much denser than either of the foregoing, and, as a con- 
sequence, require a stronger draught to burn them, producing a 
short flame and an intense local heat. Neither the anthracites 
nor the lignites can be converted into coherent coke by the 
ordinary means, and are therefore called non-caking coals. 

Coke, as we have seen, is the residue left on the destructive 
distillation of coal, and consists essentially of carbon with a certain 
amount of earthy matter or ash. 

Coke varies in colour from silver-grey to black, and also varies 
very much in density and porosity. The length of time, and the 
temperature employed in coking, considerably affect the coke 
produced, it being harder and denser in quality, and greater in 
quantity, the higher the temperature employed. 

Wood contains a large amount of water, and for this reason 
cannot be used as the fuel where high temperatures are required. 
If, however, it is subjected to a process of distillation, the volatile 
compounds are driven off", and there remains a carbonaceous 
residue called charcoal^ containing earthy impurities, which, on 
combustion of the charcoal, remain as ash. The charcoal is more 
or less compact and dense according to the temperature at which 
the operation has been carried on. 
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Peat like wood cannot be used where high temperatures are 
required, but its usefulness may be increased by submitting it to 
a distillation to drive off the volatile matters, and for the pro- 
duction of a residue of carbon which is called peat charcoal. 

In the formation of coke it is necessary that the aJr should be 
excluded, or the fixed carbon would be burnt off, whereas the 
result desired is to expel the whole of the volatile hydro-carbons 
and leave the fixed carbon behind. If, however, coal or wood is 
heated in contact with air, the whole of the carbon is burnt off, 
and a residue is left which is called the ash. This ash consists of 
the inorganic or earthy matter, as potash, soda, lime, silica, and 
metallic sulphides, and chlorides. The ash of coal and peat also 
contains oxide of iron and alumina. These materials sometimes 
fuse together when the coal is burned, and form clinkers on the 
fire bars, blocking up the air passages, and interfering with the 
regular burning of the fuel. 

The ash of wood varies from i per cent to 4 per cent. Peat 
frequently yields 10 per cent to zo per cent of ash, and coal from 
I |>er cent to 15 per cent. Good coal, however, should not yield 
more than 10 per cent of ash. 

Experiment 62. — Estimation nf the Amount of Coke. — Take 
600 grs. of anthracite, crush in 
mortar, and pass through 10 sieve. 
Weigh out 500 grs. and place in 
small copper assay crucible. Well 
cover with a lid and heat in hot 
fire for 20 minutes. Allow to cool 
without removing the lid. When 
cold turn out of the crucible and 
weigh. Notice decrease in weight, 
and chat the coal is not caked, it 
having the same appearance as be- 
fore the experiment. 

Experiment 63. — Method of De- 
termining the Ash. — Pass the re- 
mainder of the 600 grs. of the 
anthracite through 60 sieve, and 
weigh out 30 grs. Heat in an 
open porcelain crucible* in muffle y'w. 15. 

(Fig. 15) for 1 hour, or until the 

whole of the carbon is burnt off, allowing free access of air. 

When cool, weigh and carefully note the appearance of the ash. 

• See Appendix A, note 2. 
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Experiment 64. — Pass a quantity of steam coal through 10 
sieve. Weigh out 500 grs. and place in small fireclay crucible, taking 
care to have it covered with a well-fitting lid. Heat for 20 minutes ; 
allow to cool while still covered. Examine and weigh the coke. 
Note the quality of the coke, whether hard or soft, firm or friable, 
dense or porous. 

Experiment 65. — Pass the remainder of the steam coal through 
60 sieve. Weigh out 30 grs. and heat in porcelain crucible for 
the estimation of the ash, proceeding as with the anthracite. 
When cool, weigh and note the appearance of the residue. Repeat 
the above experiments with any other kind of coal obtainable. 



FIRECLAY AND CRUCIBLES. 

The term clay is given to certain plastic earths which contain 
large amounts of silica and alumina, and also water in a state of 
chemical combination. It is to this combined water that they owe 
their plasticity. 

Clays contain, as impurities, varying amounts of lime, iron, 
magnesia, potash, soda, sulphur, &c. These bodies tend to make 
clay more fusible, and, therefore, prevent its being used for build- 
ing furnaces or making crucibles. Clays which do not contain 
much impurity, and will withstand a lengthened exposure to a high 
temperature without softening, are Q,d^tdi fireclays ^ By the appli- 
cation of heat to clay the combined water is driven off, when the 
clay will be fpund to have lost its plastic character. 

Fireclay should be tested for its power of resisting corrosion, 
and for its refractory power. 

Crucibles are made of various mixtures of raw and burnt clay, 
to which are added small quantities of sand, graphite, coke, dust, 
or ashes. The raw clay gives the necessary plasticity, and the 
burnt clay is useful in preventing the cracking of the crucibles 
while drying. Crucibles may either be used plain, or they may be 
lined with charcoal, when they are said to be brasqued. 

The advantages of lined crucibles over plain ones, are that 
the lining gives greater solidity, and prevents loss of shape through 
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the softening of the crucible whilst hot ; particles of metals do not 
adhere to the sides as in clay crucibles; and when metallic bodies 
are fused in them, contact with silica is prevented The lining 
also effects the reduction of certain metallic oxides by cementa- 
tion, and does away with the necessity of 
adding powdered charcoal. This last pro- 
perty is very valuable, because when an oxide 
is reduced by charcoal, an excess must always 
be employed, and this excess remains with 
the metal, and prevents its exact weight from 
being ascertained. 

Experiment 66. — Take a quantity of burnt 
clay, the clean pieces of old crucibles or 
muffles, or broken firebricks, and pass through 
60 sieve. Pass also a quantity of raw clay 






Fig. 16. 



Fig. 17. 



through 40 sieve ; measure out one volume of burnt, and two volumes 
of raw clay. Mix well together with sufficient water to give it the 
consistency of putty, kneading it until it does not stick to the 
fingers. 

By means of crucible mould (Figs. 16 and 17), make 6 small 
crucibles and lids and two pyramids about 2 ins. high (Fig. 18). 
Put in warm place, and allow to dry for a week. Put the crucibles 
into a cold muffle, and gradually raise the temperature until red- 
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hot. Bake, at a good red heat, for half an hour, and cool slowly. 

The crucibles should be white, or nearly so, and should be strong 

enough to bear handling without breaking. 

Experiment 67. — Test the crucibles for their power of resisting 

corrosion by fusing in one 100 grs. 
of litharge mixed with 5 grs. of 
charcoal, in another to grs. of 
cuprous oxide, and, in a third, 5 
grs. of litharge, 5 grs. of cuprous 
oxide, and 5 grs. of borax. Test 
the pyramids for refractory power 
by placing them in crucibles, and 
heating at the highest temperature 
for I hour. Allow to cool, and 
notice if they show any signs of 
softening or fusion on the edges. 

The more rounded the edges are, the more inferior is the clay in 

refractory power. 

Experiment 68. — To Brusque Crucibles, — Make a brasquing 

material of powdered charcoal, treacle, and a little water. The 

treacle is best kept mixed with about its own bulk of water, and 

added to the charcoal as required, in sufficient quantity to 

make the charcoal clot together when squeezed in the hand. 

Fill three of the crucibles to be brasqued with the charcoal 

mixture, press down firmly, and make 

in the brasque, by means of a trian- 
gular tool (Fig. 19), a cavity some- 
what smaller than that required for 

the introduction of the ore and flux 

to be used in the subsequent assay. 

Insert, now, a polished plug of the 

proper size (Fig. 20), by this means 

making the cavity larger, and the 

brasque firmer and smoother. For 

ordinary purposes the brasque may 

be f in. thick at the bottom, and 

\ in. or so at the sides. The crucibles 

should now be put in a warm place, 

in order to drive off the water from the brasque, and when dried 

should be heated in a muffle to a dull red heat, care being 

taken to keep the crucibles covered with the lids, to prevent 

the burning of the charcoal. 





Fig. 19. 



Fig. 20. 
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Experiment 69. — Take 10 grs. of finely powdered hematite, and 
mix with lime, 3 grs.; china-clay, 2 grs. Place the mixture in a 
brasqued crucible, and fit into the top of the lining a charcoal 
plug, cut from a piece of wood charcoal. Mix, also, 10 grs. of 
the same sample of hematite with charcoal, 5 grs.; lime, 3 grs.; 
and china-clay, 2 grs. Place this mixture in an unlined crucible, 
also fitted with a charcoal plug. Lute a lid on to each crucible, 
and lute both crucibles to a portion of firebrick, so that they may 
be heated in a furnace without fear of them turning over. When 
the lute is dry, heat in a furnace at a high temperature for 40 
minutes. Break crucibles when cold and weigh the buttons of iron. 
Compare the weights of the results from the two methods. 



FORMATION OP ALLOYS. 

Alloys are not, as far as is known, definite chemical com- 
pounds; they have, generally speaking, the same physical pro- 
perties as the metals, they are solid at the ordinary temperature, 
they have metallic lustre and high specific gravity, and are con- 
ductors of heat and electricity. 

When mercury is made to alloy with any other metal the 
result is called an amalgam, and may be either solid or liquid. 

Alloys have not, as a rule, a density which is the mean of their 
constituents, showing that at the moment of their union an 
increase or diminution of volume has taken place. 

The melting point of alloys is also not the mean of the melting 
points of its components, but is generally below. This property 
is of great use in the arts. 

Alloys containing a volatile metal are decomposed, either 
wholly or partially, when exposed to a strong heat. This is the 
case with alloys of zinc, mercury, and arsenic. 

When an alloy consists of two metals whose fusibilities differ 
widely, it may be partly decomposed by heating it to the tempera- 
ture at which the most fusible melts (see Experiments 33 and 34, 
p. 26). 
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Some alloys may be separated by submitting them to fusion 
and gradually cooling, when one of the constituents crystallises 
out and becomes solid, and may be removed, as in the Pattinson 
process, by means of a perforated ladle. 

The tenacity of alloys is frequently inferior to the mean 
tenacity of the separate metals, as, for instance, traces of lead very 
greatly diminish the tenacity of gold The ductility and malle- 
ability is affected in the same way. In some cases, however, the 
effect of a small quantity of impurity is to increase to a very large 
degree the tenacity and ductility of the metal, as, for instance, 
I per cent of carbon in iron increases its tenacity from 25 tons 
per square inch to 50 tons per square inch. 

The following alloys may be made by melting and mixing the 
constituents together under a little charcoal: — 

Alloys of Lead. 

Experiment 70. — Pewter, — Melt together 320 grs. of tin and 
80 grs. of lead,^with the addition of 10 grs. of charcoal, in a 
crucible, using a low temperature, stir with a piece of wood when 
melted, and pour the mixed metals into an ingot mould. Weigh 
the pewter obtained, break the ingot, and note the appearance of 
the fracture and of the surface. 

Experiment 71. — Soft Solder, — Melt together 200 grs. of tin 
and 200 grs. of lead, with the addition of 10 grs. of charcoal. Stir 
as before when melted and pour into ingot mould. When cold, 
weigh, fracture, and note the appearance of the fracture and 
surface. 

Experiment 72. — Type Metal. — Melt 200 grs. of lead with 
150 grs. of antimony and 50 grs. of tin, with charcoal as before. 
Mix and pour into mould. Weigh, fracture, and note the 
appearance. 

Expenment 73. — Shot Metal — Take 320 grs. of lead and 
20 grs. of charcoal. Melt the lead in a crucible under the char- 
coal and add 100 grs. of arsenic (As), or 150 grs. of white 
arsenic (Asj Os), in small quantities. Mix and cast as before ; 
weigh, and note the appearance of the surface and fracture. 
Remelt a portion at a low temperature and pour the molten alloy 
on to a board placed at an angle of 25° to 30°. Compare the 
result with that obtained when ordinary lead is melted and poured 
in a similar way. 
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Alloys of Copper. 

Experiment 74. — Bronze, — Take 350 grs. of copper and melt 
with 50 grs. of tin under charcoal. Mix and cast into ingot 
mould; weigh the ingot; fracture, and note the appearance. 
Notice that if the alloy is cooled slowly it is brittle, but that if it 
is cooled quickly, by plunging it in water, it is comparatively soft 
and workable. In this respect it behaves in an exactly opposite 
manner to steel under the same treatment. 

Experiment 75. — Bell Metal, — Melt together 320 grs. of 
copper and 80 grs. of tin. Mix and cast as before. Weigli, 
fracture, and note appearance. Antimony is sometimes added in 
small (juantities to this alloy, when it displaces some of the 
copper. 

Experiment 76. — Speculum Metal, — Melt together 260 grs. of 
copper, 130 grs. of tin, and 10 grs. arsenic. The copper and tin 
should be melted together under charcoal, and the arsenic added in 
two lots of 5 grs. each. Mix well, pour into mould, weigh when cold, 
and note the appearance of the surface and of thie fracture. This 
alloy is capable of receiving a high polish, which may be shown 
by first' filing the surface to free it from oxide, then .rubbing with 
sandpaper, and lastly polishing with putty powder (Sn O^). 

Experiment 77. — Britannia Metal, — Take 340 grs. of tin, 40 
grs. of antimony, and 20 grs. of copper. Melt under charcoal, 
stir with a piece of wood, and cast into ingot mould. Weigh 
when cold, fracture, and note appearance. 

Experiment 78. — Tinning Copper, — Polish a piece of sheet 
copper with moistened pumice-stone until quite smooth. Heat 
the plate, and smear it over with sal-ammoniac (NH4 CI) to remove 
any oxide of copper from its surface. Sprinkle on the plate a 
little powdered resin and some finely divided tin, and again heat 
up until the tin melts. Spread the tin over the plate by means of 
a piece of tow, and when uniform allow to cool. The resin is used 
to prevent the formation of oxide of copper. 

Experiment 79. — Muntz^s Metal, — Melt under a little char- 
coal 240 grs. of copper, and add in small quantities 160 grs. of 
zinc, stirring with a piece of wood after each addition. Pour into 
ingot mould. Weigh, fracture, and observe the appearance, which 
will not be homogeneous unless special care is taken that the 
metals are thoroughly mixed. Notice that this alloy is malleable 
when hot. 

Experiment 80. — Brass, — Melt 266 grs. of copper under char- 
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coal, and add cautiously, in small portions, 134 grs. of zinc, mix 
well, and pour into mould, weigh, fracture, and note appearance. 
Notice that the brass is not so malleable while hot as Muntz's 
metal. 

Experiment 81. — WJiite Brass, — Melt 1 34 grs. of copper under 
charcoal, and add, in small portions, 266 grs. of zinc. Stir, after 
each addition of zinc, with a piece of wood. Pour into mould, 
weigh, fracture, and note the appearance of the surface and 
fracture. 

Experiment 82. — Aich Metal, — Melt together 240 grs. of 
copper and 8 grs. of iron under charcoal Add, in small quanti- 
ties, 152 grs. of zinc. Stir after 'each addition of zinc, and when 
well melted pour into ingot mould. Weigh, fracture, and note the 
appearance. Sterro metal is similar to the last, but contains 58 
per cent of copper, 38 per cent of zinc, 2*5 per cent of iron, and 
I '5 per cent of tin. 

Experiment %2i' — Nickel Bronze {Coinage), — Take 320 grs. of 
granulated copper and 82 grs. of grain nickel (Ni). Place in 
crucible with 10 grs. of charcoal. The 2 grs. excess of nickel 
is added to make good any slight loss occasioned during melting. 
Heat at high temperature for 30 minutes. Allow to cool in cru- 
cible without pouring. When cold, break crucible, and examine 
the button. Weigh, fracture, and note the appearance. 

Experiment 84. — German Silver, — Make an alloy of 100 grs. of 
copper and 100 grs. of zinc, and a second alloy of too grs. of copper 
and 100 grs. of nickel. Melt the copper first in each case, and 
add the zinc or nickel in small portions at a time. A\'eigh each 
alloy, fracture, and note the appearance. The nickel alloy will 
require the highest obtainable temperature for its production. 
Melt together, under a little charcoal, 30 grs. of the copper-zinc 
alloy, 40 grs. of the copper-nickel alloy, and 30 grs. of copper. 
Pour into ingot mould ; weigh the German silver obtained, and 
calculate its composition from the weights of the constituents 
taken. Fracture, and notice the appearance of the fracture and 
surface, and also that it is capable of taking a high polish. 

Experiment 85. — Regulus of Venus, — Melt together 100 grs. 
of copper and 100 grs. of antimony (Sb) under charcoal. Pour, 
weigh, and note the appearance of the fracture. 

Experiment 86. — Standard Silver, — Melt together, in small 
crucible, 92*5 grs. of pure silver (Ag) and 7*5 grs. of electrotype 

copper. Standard Gold, — 91 '6 grs. of pure gold (Au) and 8*3 grs. 
of electrotype copper. 
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Alloys of Iron and Nickel. 

Experiment 87. — Arsenide of Iron, — Take 100 grs. of iron 
wire, cut yp into small pieces, and 100 grs. of arsenic. Heat ih 
crucible at moderate temperature for 10 minutes. Take out 
of the fire and add a mixture of 50 grs. of carbonate of soda 
(Naa COs), 20 grs. of arsenic, 20 grs. of tartar, and 20 grs. of 
borax. Cover the crucible with a lid, return to fire, and heat for 
10 minutes at a high temperature. Pour, weigh, and note the 
appearance of the fracture. Remelt with slag formed during the 
previous melting, and add 50 grs.- of arsenic Pour and reweigh. 
Deduce the formula and the percentage composition of the alloy, 
from the increase in the weight of the iron, due to arsenic. 
Example: — An alloy weighing 137 grs. was obtained from 100 
grs. of iron, find its percentage composition and formula. 

Alloy Fe Alloy Fe 
137 : 100 :: 100 : :r= 73 per cent of iron. 

Alloy As Alloy As 
137 • 37 •• 100 • -^=27 percent of arsenic. 

Divide the percentage of each constituent by its atomic 
weight: — 

Iron = 56. 73 27 

Arsenic =75. 56 ^* 75 

Divide the greater by the less : — 

•36 ^ ' 

which gives a relation of i of arsenic to 3*6 of iron, or 5 to 18 ; 
the formula, therefore, is Asg Fcij. 

Experiment 88. — Nickel Speiss. — Take 100 grs. of nickel and 
100 grs. of arsenic. Heat in crucible, at low temperature, for 10 
minutes. Add a mixture of 50 grs. of sodic carbonate (NaaCOg), 
20 grs. of arsenic, 20 grs. of tartar, and 20 grs. of borax, cover 
with lid, and heat at a high temperature for 15 minutes. Pour 
into mould, weigh when cold, and fracture the ingot. Remelt 
with the slag from the first melting. Pour, weigh, and fracture. 
Deduce the percentage composition and formula from the increase 
in weight. 
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The experiments described in the preceding pages are capable of 
being effected by the aid of a good pair of scales, but now we 
have to deal with smaller quantities of material, and therefore 
some more delicate method for weighing must be adopted, and in 
order to perform the experiments described in the following 
pages, it is necessary that the student should be familiar with the 
manipulation of a chemical balance. 

Specific Gravity.* 

By specific gravity is meant the ratio which exists between 
the weight of a given bulk of pure water and the weight of an 
equal bulk of any solid or liquid body, compared at a temperature 
of 4° C. Thus, for example, lead is said to have a specific gravity 
of 1 1 '3, which means that a given quantity of lead would weigh 
1 1 '3 times heavier than an equal bulk of water ; so that, as a 
cubic centimetre of water at 4° C. weighs i gram, a cubic centi- 
metre of lead would weigh 1 1 '3 grams, at the same temperature. 
The specific gravity of the metals is increased by rolling or 
hammering, and the specific gravity of native metals is, as a rule, 
greater than when the same metals have been melted and poured. 

When estimating the specific gravity of gases, hydrogen is 
taken as unity, and the specific gravity of the elementary gases is 
found to be identical with their atomic weights. They are, how- 
ever, sometimes referred to air as unity, when the specific gravity 
of oxygen, for instance, becomes 1*10563. 

Experiment i. — Estimation of Specific Gravity. — Suspend a 
piece of lead by means of horsehair, weigh carefully on balances 
and note the weight. Now take a beaker of water at 20° C. and 
allow the lead to hang from the beam, below the surface of the 
water, and take the exact weight. Divide the weight in air by 
the difference between the weight of the lead in air and in water, 
and the result will be the specific gravity for lead. 

* For table of specific gravity of elements, see Appendix C. 
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The specific gravity of liquids may be determined by filling a 
glass weighing bottle, fitted with a drilled stopper, with distilled 
water, and suspending it in a constant temperature bath at 20° C. 
for some time, until no more water exudes from the hole in the 
stopper. Care must be taken that the bottle is absolutely full, and 
that there are no air bubbles. Remove from bath and cool, when 
the liquid will contract and there will be no danger of losing any 
of the water. Weigh carefully the bottle of water, which should 
then be emptied, dried, and filled quite full with the liquid under 
examination. Suspend in constant temperature bath until exuda- 
tion ceases ; cool, dry, and weigh. Subtract the weight of the 
bottle, and divide by the weight of the water, and the result is the 
specific gravity of the liquid, referred to water as unity. 

Fuel. 

Experiment 2. — Coking of Coals. — Crush a piece of ordinary 
house coal and pass through 10 sieve. Pass a quantity through a 
60 sieve, taking care to have an average sample, and put into a 
well corked bottle. Weigh a dried porcelain crucible carefully 
on the balance, and introduce into it about 30 grs. of the finely 
powdered coal, taking the exact weight Place the crucible in a 
hot muffle and heat strongly for half an hour, keeping the crucible 
covered with a closely-fitting lid.* Allow to cool without remov- 
ing the lid, and when cold, weigh. Deduct the weight of the 
crucible and calculate the percentage of coke produced from the 
coal. Note also the appearance and character of the coke. 

Experiment 3. — Estimation of the Amount of Ash in Coal — 
Weigh out 20 grs. of the finely powdered coal and transfer to 
weighed porcelain crucible. Heat in muffle without the lid, until 
the whole of the carbon is burnt away, stirring occasionally with a 
platinum wire. The residue will be of a reddish brown to grey 
colour, but must not be black, as that would indicate the presence 
of carbon. Cool, weigh, and calculate the percentage of ash. 

Experiment 4. — To Determine the Moisture. — Dry a pair of 
watch glasses and a clip in a water-oven (Fig. 21), cool in desic- 
cator, and weigh carefully; introduce into one of the glasses 
about 20 grs. of the finely powdered coal and take the exact 
weight. Put the glasses, clip, and coal, back into* the water-oven, 
and maintain at a temperature of 100° C. for i hour, leaving the 

♦ See note 2, Appendix A 
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coal uncovered so that the moisture may escape. Remove from 
oven, and cover the coal with the other watch glass, and put 
on the clip. Cool in desiccator and reweigh. Compare with 
former weighing and calculate percentage of moisture. Return 
the whole to the water-oven, and continue the drying for half an 
hour longer, or until the weight is constant. If left too long, 
however, the weight may increase, due to the oxidation of Fe Sj 
to FeS04. 

Experiment 5. — Estimation of Sulphur in Coal — Weigh out 

accurately 20 grs. of the finely 
powdered coal, 260 grs. of 
pure sodium chloride (Na CI), 
135 grs. of pure potassic nitrate 
(K NOs), and 5 grs. of sodium 
carbonate ( Na^ COa ). Dry 
these substances in a water- 
oven for half an hour, before 
weighing, mix well together, 
and half fill a porcelain cru- 
cible with the mixture. Heat 
over a Bunsen burner until the 
contents have deflagrated and 
become white, then add more 
of the mixture and ignite until 
the whole is deflagrated. Care 
must be taken during this part 
of the experiment that none 
of the contents of the crucible 
get on to the upper edge, or 
creep down the outside of the 
crucible, or a considerable 




Fig. 21. 



amount of sulphur may be absorbed from the flame. When 
all is deflagrated and white, wash out and dissolve in hot water. 
Acidulate with pure hydrochloric acid (HCl), heat to boiling, 
and add a hot solution of barium chloride (Ba CI2) or barium 
nitrate (Ba (NOa) 2) as long as a precipitate is formed. Stir 
well for 5 minutes, allow to stand for 10 minutes more, and 
decant through filter paper of known ash. Collect ppt. on to the 
filter, wash well with water until the washings give no ppt with 
sulphuric acid. Dry, brush off ppL into porcelain crucible. Burn 
filter and add the ash to the ppt. and ignite in muffle for 15 
minutes. Cool in desiccator, weigh, deduct the weight of the 
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filter-ash and the crucible, and multiply the remainder by the 
co-efficient of sulphur in barium sulphate (Ba SO4), viz., ' 137.* 

If the salt, nitre, and sodic carbonate used are not pure, it 
will be necessary first to estimate the amount of sulphur in them, 
proceeding in the manner above described, only it will not be 
necessary to deflagrate the mixed substances, as they are soluble, 
and may be dissolved in water at once, a little H CI being added, 
and then the Ba 2 NOg or Ba CI2. If, however, the impurity present 
is an insoluble sulphide, the deflagration will be necessar}-. Deduct 
the weight of the precipitated Ba SO4 obtained from the same 
quantity of material as was used to deflagrate the coal, from the 
weight of the precipitate, before multiplying by the co-efficient 

Sulphur exists in coal in the form of iron pyrites (Fe S2), and occa- 
sionally as calcium sulphate (Ca SO4), and in rare cases as barium 
sulphate (Ba SO4). These substances are practically insoluble in 
water, and it is necessary to render them soluble, so that the sulphur 
may be precipitated and weighed. By fusion with KNOs, &c., 
the sulphur is converted into soluble sulphates of potassium and 
sodium, which, on the addition of H CI and barium salt, are pre- 
cipitated as Ba SO4. The changes may be thus expressed : — 

NaKS04+2 HCl=NaCl + KCI + H2S04. 
H-SO4 +BaCla=2HCl + BaS04. 

Or, if the nitrate is used, 

Hj SO4 + Ba (NOs)^ = 2 H NOg + Ba SO4. 

It is preferable to use the baric chloride however, because the 
nitrate is somewhat insoluble in acid solution. 

Experiment 6. — Estimation of the Calorific or Heating Pouter, — 
The calorific power of a body is ascertained by burning a given 
weight, and causing the heated products of combustion to pass 
through water, which thereby becomes warmed. The instru- 
ment known as Thompson's calorimeter t is used. Weigh out 
30 grs. of the finely divided coal, 225 grs. of potassium chlorate 
(KClOs), and 75 grs. of KNOg. Dry all three separately 
for half an hour in a water -oven. Make a small quantity of 
saturated solution of K NOg, into which dip a piece of cotton 
wick and set it aside to dry. When dry, try how a small portion 
will serve as a fuse. Intimately mix the dried coal with the 
oxidising material, and transfer to the copper cylinder (a) of the 

* See Appendix F for table of co-efficients. 
+ Sometimes known as Wright's. 



54 F^I- 

calorimeter, and insert a small piece of the prepared cotton wick, 
leaving one end projecting above the top of the tube. (Figs. 22, 
23, and 24.) The temperature of a measured quantity of water 
in the vessel (e) is taken and noted. The thermometer used gives 
readings of ^ degree, and is usually enclosed in a brass sheath for 
protection. The copper cylinder is now placed in the stand (c), 
and the fuse ignited, and the bell-like cover (b) is placed over, 
and the whole lowered into the water. When the deflagration has 
taken place, open the stopcock {i>) at the top of the cover, so 
that the water may enter and take up the heat of the tube. Move 
up and down through the water once or twice, then take tempera- 



Fig. 22. Fig. 23. 

ture of the water, and notice the increase due to the combustion 
of the fuel. About a tenth of the increase of temperature is 
added for loss incidental to the use of the instrument This loss 
of heat is due to radiation, imperfect cooling of the products of 
combustion, heat taken up by apparatus, &c, and its precise 
amount for each instrument is ascertained by the manufacturer. 
The method of obtaining the calorific power and the evaporative 
power from this instrument will be best shown by an example : — 
Initial temperature of water 48's° Fahr. 
Final temperature of water 6o-o° 
Increase of temperature 1 1 -5 

10 per cent added ... i-ip; 

Weight of water x rise of temperature „ , ,. 

■ —. — — ,-r~, -=Calorific power. 

Weight of fuel ^ 
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The weight of water in 
grains multiplied by the cor- 
rected increase of tempera- 
ture, and divided by weight 
in grains of fuel used, gives 
the calorific power. As 
calculated from the above 
figures, it will be 

12'6f; X 2Q*OIO 

^— ^ = 12,232-55, 

which is the calorific power 
in Fahr. degrees, or in Cen- 
tigrade 6796^ 

It is obvious that in the 
foregoing there is no par- 
ticular reason for taking 
29,010 grs. of water; any 
convenient quantity would 
do — say, four pints ; but 
for the evaporative power it 
is convenient to take this 
particular quantity, because 
it is the weight of the fuel 
taken, multiplied by the 
amount of heat required 
to convert a unit of water 
at 212** Fahr. into steam, 
namely, 967. The heat re- 
quired to convert a unit of 
water into steam is 967 
times the amount required to 
raise the same weight of water 
1° Fahr. As 30 grs. of fuel 
are used, and there are 967 
grs. of water to each grain 
of fuel, the rise of tempera- 
ture due to the combustion, 
at once expresses the num- 
ber of units of water which 
the unit of fuel would con- 
vert into steam, assuming ^*S- 24- 
the water to be at 212** Fahr. In the above case 12*65 ^s the steam- 
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raising, or evaporative power of the fuel, and means that i unit of 
fuel will convert 12 '65 units of water at 212" into steam. 

Experiment 7. — The Effect of Roasting on Sulphides, dr'c, — 
Convert 1000 grs. of copper into sulphide, by mixing with the 
necessary amount of flowers of sulphur, fusing in a crucible and 
adding a little more sulphur. 

2 Cu + S = Cuj S. 

Convert in like manner 1000 grs. of lead and 30 grs. of pure 
silver into sulphides. 

Pb + S = PbS. 2 Ag + S = AgaS. 

Crush the copper sulphide to powder, and heat in muffle at 
low temperature for i hour with frequent stirring. 

2 CuaS + 5 Oa=2 CUSO4 + 2 CuO. 

Boil 50 grs. of the roasted material in water to dissolve out 
the copper sulphate (Cu SO4) formed by the oxidation of the 
copper sulphide, separate the insoluble portion by filtration, wash 
well with hot water, dry, brush off" the filter paper, and weigh. 
Calculate the amount dissolved. 

Experiment 8. — Take 200 grs. of crushed lead sulphide, and 
roast in muffle for i hour. 

2 PbS + 7 = PbS04 + PbO + SOj. 

Estimate the quantity of converted Pb SO4 by digesting 50 grs. 
with dilute hydrochloric acid, and washing with hot water on a 
filter. Dry the insoluble portion and weigh. Test the filtrate for 
sulphate by cooling and decanting the clear Hquid from the Pb Cl^, 
which crystallises out in the cold, and adding Ba Clj solution to 
precipitate the Ba SO4. 

'PbS04+2 HCl=PbClj + H2S04; 
Then H2SO4+ BaClj =BaS04 + 2 H CI. 

Compare the weight of the insoluble portion with the weight ^ 
taken, and calculate the amount dissolved. 

Experiment 9. — Heat 10 grs. of silver sulphide (Ag^S) in 
muffle for 20 minutes, boil in water, and test for soluble silver 
sulphate by adding one or two drops of hydrochloric acid. There 
should be no precipitate, as silver sulphide is insoluble in water, 
and is not converted into sulphate by roasting, as other metals 
are — e.g, copper and lead. If the silver from which the sulphide 
was made had any copper alloyed with it, as standard silver has. 
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it would then partly be converted into sulphate, and the water 
would give a precipitate with hydrochloric acid. 

Experiment lo. — Roast 5 grs. of silver sulphide with 50 grs. 
of copper sulphide for 40 minutes, at a moderate temperature. 
Both sulphides should have been finely powdered and intimately 
mixed together. Boil a portion when roasted and cooled, in water, 
and test for the presence of silver sulphate by H CI. If any silver 
has become soluble, a white precipitate of silver sulphide (Ag CI) 
will be produced. The above is the basis of the extraction of 
silver from ores where the metal exists as sulphide, by the method 
known as Ziervogel's, in which process the silver is thrown down 
from solution by means of metallic copper. In the process for 
the extraction of silver by Augustin's method the argentiferous 
ore is roasted with common salt, which decomposes the sulphates 
formed by the roasting, and converts them into chlorides, which 
are then dissolved out by means of a strong brine solution, and 
the silver finally precipitated by means of metallic copper. 

Aga S + 2 O2 = Aga SO4. 
Ag2S04+2 NaCl = 2 AgCl + Na2S04. 

In the Percy-Patera process, sodium thiosulphate (Nag S2 Os) 
is used to dissolve out the silver chloride after roasting, thus ; — 

NaaSa08 + AgCl = AgNaS2 08 + NaCl, 

from which solution the silver is precipitated by means of sodium 
sulphide (Nag S). 

Experiment 11. — Roast 100 grs. of finely powdered blende 
(ZnS) at low temperature for half an hour. Digest 10 grs. in hot 
water, and test for zinc sulphate by adding a few drops of hydro- 
chloric acid and baric chloride. Wash well with hot water, filter, 
and weigh the residue. Estimate the percentage of soluble matter. 
Further roast at a higher temperature for an hour. Prove the 
absence of sulphate of zinc by digesting with water and testing 
with H CI and Ba CI2, when there should be no precipitate. 

The reactions at the lower temperature may be shown thus ; — 

2 Zn S + 7 O =Zn S04-f Zn O -f SO2. 

ZnS04 + 2 HCl-fBaCl2 = BaS04-fZnCla-f2 H CI. 

At the higher temperature the zinc sulphide reacts on the 
sulphate, forming zinc oxide (Zn O) and sulphurous anhydride. 

ZnS04-HZnS-h02=2 ZnO-f2SOj. 

Experiment 12. — Prove that in the following equations neither 
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the cuprous sulphide (Cuj S) or cupric oxide (Cu O) or cuprous 
oxide (Cu2 O) are in excess. 

(a) CU2S+ 2 CuO=4Cu + S02. 
\b) CUaS + 2 CujO = 6 Cu + SOa. 

Prove also that in the next two equations the excess of copper 
sulphide added is not reduced. 

(c) 2 CuaSH- 2 CuO=4 Cu + CujS + SOa. 
{d) 2 CujS + 2 CuaO = 6 Cu + CujS + SOa. 

These reactions are the basis of the separation of metallic 
copper in the Welsh process for smelting copper, in the latter 
stages of which process, copper oxide and sulphide are heated 
together, both of which by a mutual reaction become reduced 
to the metallic state, and the sulphur passes off as sulphurous 
anhjFdride, If an excess of either is present it will remain over 
unacted upon, except in so far as a considerable quantity of the 
oxide would, if that were in excess, be dissolved in the melted 
copper. 

Experiment 13. — Assay of Galena, — Make two assays of galena 
(Pb S), taking for each 300 grs. of finely powdered galena, 300 grs. 
of sodic carbonate (Nag COs), and 30 grs. of potassic bitartrate 
(tartar). Mix together the above reagents, saving about 50 grs. of 
Naa COg to cover the remainder when in the crucible. Put also into 
the crucible a piece of hoop iron about 3 ins. long, and heat until 
all action ceases. If any iron is left, take hold of it with a pair of 
tongs, and strike smartly while holding it over the crucible. By 
this means any adhering lead is liberated and falls into the crucible. 
Pour into mould, and when cold hammer into the form of a cube, 
then by hammering the cube on the corners, the slag and iron 
sulphide thstt have been produced during the reduction are broken 
away, and a mass of lead is left. Brush the lead in hot water 
with a hard tooth-brush until quite clean. Dry and weigh care- 
fully, and calculate the percentage of metal in the ore, and also 
the amount per ton. Preserve the lead for the estimation of silver 
by cupellation. 

Experiment 14. — Make two assays, taking for each 300 grs. of 
galena (Pb S), 250 grs. of sodic carbonate, 30 grs. of tartar, and 
50 grs. of borax (B4 O7 Na^). The ore and fluxes, except the borax, 
should be intimately mixed. Place the mixture in a crucible, and 
the borax on the top, and insert a piece of iron as before. When 
all action has ceased pour into mould, cool, and detach slag and 
sulphide by hammering and washing. Weigh the button of lead 
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and compare the percentage obtained with that from the first 
method. Preserve the lead for cupellation. 

Experiment 15. — Make two assays of galena (PbS), using 
300 grs. each of the ore, and reducing by means of iron alone, 
without the addition of any flux. 

PbS + Fe = FeS + Pb. 

Weigh the buttons of lead after cleaning them, and compare 
with the weight of those from the preceding experiments. Reserve 
the lead for cupellation. 

Experiment 16. — To Cupel the Buttons of Lead for the Estima- 
tion of the Silver, — Galena almost invariably contains traces of silver, 
present in the form of sulphide. The quantity of silver in galena 
is very variable, some samples assaying upwards of 300 oz. to the 
ton, others only a few grains. When argentiferous galena is 
smelted, the whole of the silver passes into the lead, from which 
it is readily extracted. The silver can be profitably extracted if 
the galena contains not more than '002 per cent. 

Select 6 cupels, each weighing considerably more than the 
button of lead that is to be placed in it, and having a capacity suffi- 
cient for holding the lead when melted. Place the empty cupels 
into a muffle, and When red-hot introduce into each a button of 
the lead from the galena, and heat in muffle until all the lead has 
been oxidised and absorbed by the cupel. Remove cupels and allow 
to cool slowly ; when cold, carefully weigh the button of silver. 

To calculate the quantity of lead and silver per ton of ore, 
multiply the weight of lead from the sample of ore by the number 
of grains in a ton, and divide by the weight taken, reduced to 
grains, and the result gives the lead per ton in grains. 

For the silver, multiply the weight of silver from the sample by the 
number of grains in a ton, and divide by the grains in the weight taken. 

Example: — Calculate the amount of lead and silver from a 
ton of ore, where 300 grs. gave 250 grs. of lead, and which on 
cupellation gave 8 gr. of silver.* (See Appendix G.) 

rr. /- J 1- 1 t 250X7000X2240 rr r^^ 

To find the lead, -^ = 13,066,666 grs. 

300 

= 16 cwt. 2 qrs. 13-6 lbs. of lead per ton. 

rj^ c A \. -1 -8x7000x2240 

To find the silver, = 41,813*3 grs. 

= 87 oz. 2 dwt. 4*3 grs. troy of silver per ton. 
* See note 7, Appendix A. 
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Experiment 1*] . — Assay of Hcematite, — Crush and pass through 
80 sieve 100 grs. of hematite. Make four assays, two of each of the 
following mixtures, in brasqued crucibles (Fig. 25) (see p. 44). 

First — Ore ... lo'o grs. Second — Ore lo'o grs. 

Sand ... o'5 „ Glass 2*5 „ 

Lime ... 2*5 „ Lime 3*0 „ 

China-clay 2*0 „ 

Mix the ore and the fluxes thoroughly on glazed paper, and 
transfer the mixtures into the respective crucibles, and fit into the 
top of each a charcoal plug. The plugs should be marked in 
some way by means of which the assays may be distinguished 
when the operation is complete. Lute on the lids,* and also 
lute all the crucibles to a portion of firebrick. When the lute is 

dry, place the whole in a furnace, 
allowing the brick to rest upon the 
bars, light the fire, and heat at a high 
temperature for 2 hours. If the ores 
contain much titanium they will re- 
quire 3^ to 4 hours. When the fire 
has burnt low, remove the crucibles 
and allow to cooL Break open the 
crucibles and separate the slag from 
the iron buttons, taking care to keep 
^^' ^^* the assays separate. Grind the slag 

in a clean iron mortar, and extract by means of a magnet any 
small shots of iron, and add them to the main portion. Weigh 
the iron carefully from each assay, and calculate the percentage of 
iron in the ore The results of the assays should not differ more 
than "3 or '4 per cent. The slag should be globular and well 
fused, opaque, and somewhat vitreous in appearance.! Each 
button of iron should be wrapped in a stout piece of paper, and 
struck with a hammer on an anvil, and should flatten slightly 
before breaking. The fracture of the iron should be grey and 
granular. If the buttons and slags do not answer to this description 
the assay should be repeated, and a higher temperature, if possible, 
obtained 

Experiment 18. — Assay in unlined crucible. Take 1000 grs. 
of hematite and pass through 60 sieve. Weigh out 500 grs, and 
mix with 200 grs. of china-clay, 250 grs. of lime, 50 grs, of sand, 
and 100 grs. of powdered anthracite. Introduce into crucible, 

* Note I, Appendix A. f Note 3, Appendix A. 




Dry Assay of Iron Ores, 6i 

and lute on the lid. Place in furnace with a low fire, and build 
up the fire around it, and heat at high temperature for 2\ hours. 
Remove in an upright position, and when cool break crucible, 
remove button of iron, and grind the slag and all parts of the 
crucible which have any slag adhering, in an iron mortar, to fine 
powder. Separate any small shots of iron by means of a magnet, 
and from the weight of the iron obtained calculate the percentage 
of iron in the ore, comparing the result of the assay with that 
made in the lined crucible. Fracture and note the appearance of 
the iron, and also of the slag. A good button of iron will separate 
completely from the slag, and if of good quality will slightly flatten 
before breaking, and when broken will show a finely granular 
fracture. The slag should be well fused, of a light grey colour, 
and somewhat vitreous. A transparent green slag indicates an 
excess of silica, while a dull, stony slag indicates an excess of bases. 
If the ore contains lime and magnesia the product will probably 
be only fritted, and will require an additional amount of silica.* 

Experiment 19. — Crush and pass through 60 sieve, 1000 grs. 
of clay ironstone, and make two assays of each of the following 
mixtures : (i), 10 grs. of ore, 2 '5 grs. of powdered glass, and 2*5 grs. 
of lime ; (2), 10 grs. of ore, 2 grs. of china-clay, i gr. of sand, and 
2 grs. of lime. Intimately mix the constituents of each assay and 
introduce into brasqued crucible. Lute the four crucibles em- 
ployed to a brick, and treat as described in Experiment 17. 
Separate carefully any stray shots of metal, and calculate from the 
weight of iron obtained, the percentage in the ore. 

Experiment 20. — Make two assays of the clay ironstone in un- 
lined crucible, taking 500 grs. of the ore, 250 grs. of glass, 250 grs. of 
lime, and 125 grs. of anthracite, in each case. Treat as described in 
Experiment 18, and weigh the iron obtained. Note the appear- 
ance of the fracture of the iron and of the slag, and calculate the 
percentage of iron, comparing it with the result of Experiment 19. 

Experiment 2\, — Mercury compounds are readily reduced to 
the metallic state by heating with some substance that will combine 
with the body, in combination with the mercury, to form a fixed com- 
pound ; and the mercury, by virtue of its volatility, may be made 
to pass off, and condense in the cooler parts of the apparatus. 
Quicklime is the substance used, and the reaction between that 
body and sulphide of mercury (cinnabar) may be thus shown : — 

4 HgS + 4CaO = 4 Hg + 3 CaS + CaS04. 

* Note 3, Appendix A. 
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The iodide of mercury is, however, not completely decomposed 
by this means, but by the addition of copper turnings or filings to 
the lime, this compound is readily split up and the mercury 
liberated. 

Assay of Mercury. — Take a piece of combustion tubing from 
I ft. to i^ ft long, hermetically seal one end, and carefully anneal 
the closed end to prevent its cracking in the subsequent heating. 
Introduce into the cooled tube loo grs. of the mineral magnesite 
(Mg COs), finely powdered and dried at loo'', on the top of that 
50 grs. of dried quicklime, and then a mixture of 100 grs. of 
finely powdered cinnabar, 30 grs. of dried quicklime, and 10 grs. 
of powdered charcoal, and, lastly, about 100 grs. of dried quick- 




Fig. 26. 

lime. Draw out before the blowpipe the glass tubing about 
i^ in. from its open end, and bend the part which has thinned 
by being drawn out to a right angle. Place the tube in a small 
combustion furnace (Turner's), so arranged that the tube is 
supported its entire length, and that the bent end just dips below 
the surface of water contained in a small beaker (Fig. 26). Heat 
at good temperature for half an hour the portion of the tube con- 
taining the cinnabar, and lastly the magnesite, which, on the 
application of heat, is split up into Mg O and CO2. The COa 
passing over the material in the tube sweeps out all traces of 
mercury vapour. When cold, cut off the end of the tube, and 
remove the mercury from it with a camel-hair brush. Decant the 
water, dry carefully by means of filter paper as far as possible, 
pour the mercury on to a watch glass, and place in a desiccator 
for an hour. Weigh, and deduct the weight of the glass. 

Experiment 22. — Take 50 grs. of finely powdered cinnabar, 
1 5 grs. of quicklime, and 5 grs. of charcoal ; mix well together 
and intoduce into weighed porcelain crucible. All the materials 
should have been well dried for half an hour in water oven. Cover 
with 10 grs. of dried quicklime, and heat in fume closet by means 
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of a Bunsen burner for half an hour. Cool in desiccator and 
weigh. The loss of weight is due to the volatilisation of the mer- 
cury. Compare the result with that of the preceding experi- 
ment. 

Experiment 23. — The amount of zinc in an ore may be 
approximately estimated by the following means : — Pass a sample 
of zinc blende (Zn S) through 60 sieve, weigh out 100 grs., and 
roast in roasting dish at a low temperature in muffle for half an 
hour, with constant stirring. Increase the temperature and roast 
further, with occasional stirring, for 2 hours, or until sweet. 
Heat a blacklead crucible in a furnace until white-hot and project 
into it the roasted mass, which should have been cooled and 
weighed, mixed with 10 grs. of powdered charcoal. Heat at high 
temperature for 10 minutes, remove from fire and allow to cool. 
Turn out any residue and reroast for 20 minutes, stirring occa- 
sionally, and reweigh. By the first roasting all the sulphides will 
be converted into oxides, and the zinc oxide thus formed is 
reduced and the zinc volatilised when heated in the blacklead 
crucible with charcoal. The difference between the weight after 
the first roasting and the weight of the residue gives the quantity 
of Zn O in 100 grs. of ore. The object of roasting the residue 
after ignition in the crucible is to convert any lead or iron that 
may be present in the ore, and which would be reduced to the 
metallic state in the crucible, back to the state of oxide, and to 
drive off any excess of charcoal in the form of COj. 

Example. — If the assay after roasting sweet weighs 817 grs., 
and after ignition in the crucible and reroasting weighs 2*34 grs., 
then the weight of zinc oxide from 100 grs. of ore is 79*36 grs. 
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' Experiment 24. — The method known as Von Patera's for extract- 
ing silver from argentiferous copper pyrites depends upon the solu- 
bility of silver chloride (Ag CI) in a solution of thiosulphate of soda 
(hyposulphite of soda). The method is briefly shown in the following 
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experiment Pass a sample of argentiferous copper pyrites* 
through 60 sieve, weigh out 100 grs., and mix with 100 grs. of 
common salt. The salt should have been previously ignited to 
prevent it decrepitating. Roast the mixture at a low temperature 
in roasting dish in muffle for i hour, with occasional stirring. 
Cool and digest the roasted mass with a cold solution of thio- 
sulphate of soda (Na, S, O,) which dissolves out the silver chloride 
(Ag CI). Allow to stand for 12 hours, filter and wash residue with 
water containing a little Na^ S, Og until the washings do not give a 
precipitate, when a solution of H, S is added. Mix the filtrate 
and the washings, and pass H, S gas until all the silver is pre- 
cipitated as sulphide (Agj S). Filter, wash with hot water, dry, 
and weigh. Estimate the quantity of silver. The silver sulphide 
may be reduced by fusing with sodium carbonate, and a small 
quantity of nitre. 

Experiment 25. — The silver may be precipitated, after roasting 
and dissolving out with water, by means of a soluble iodide, as in 
the method proposed by Claudet. Mix 100 grs. of finely divided 
argentiferous copper pyrites with an equal weight of ignited 
common salt, and roast at low temperature for 2 hours, with 
occasional stirring. Allow to cool, and dissolve out the chlorides 
with hot water to which a little H CI has been added, by digesting 
for some time at a gentle heat. Decant solution through filter 
paper, and wash the residue two or three times, decanting each time. 
Collect the residue on the filter paper and give it a final washing, 
each time adding the washings to the main portion. Heat the 
solution to boiling, and add 10 grs. of potassium iodide (K I) or 
zinc iodide (Zn Ig), and allow to stand for some time in a warm 
place. A precipitate of silver iodide (Ag I) will be formed. Filter, 
wash well with water, and add the first washings to the filtrate. 
The precipitate of Ag I may be dried, brushed from the paper by 
means of a camel-hair brush, and weighed on a watch-glass, and 
from the weight the amount of silver per ton may be readily 
calculated. To the solution containing the copper, &c., add H CI, 
and boil for some time to expel the iodine, dilute largely with 
water, and pass Hj S for some time. Filter, wash, and dissolve 
the precipitate in dilute H NOs, add excess of sodic hydrate, when 
the whole of the copper is thrown down as hydrate. Filter, wash 
well, and dry the paper and precipitate. Transfer the precipitate 
as far as possible, with the aid of a camel-hair brush, to a weighed 

* See note 4, Appendix A, 
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porcelain crucible; burn the paper separately. Ignite the pre- 
cipitate, and allow to cool in a desiccator. From the weight 
deduct the crucible and ash, and calculate the percentage of copper 
and the amount per ton of ore. 

Equations, Aga S +2 Na CI + 2 O2 = 2 Ag CI + Na^ SO4. 
AgCl+ KI =KCl + AgL 

Experiment 26. — The action which is performed by the metal 
mercury, in the extraction of silver from its ores, may be studied 
to a limited extent by causing mercury to be brought into contact 
with silver sulphide. Convert 20 grs. of silver into silver sulphide 
•(Agj S) by heating the silver in a crucible, and dropping into the 
•crucible while at a red heat a lump of roll sulphur. Pour, weigh, 
fracture, and notice the appearance of the sulphide, and that it 
•flattens out a little before breaking, being somewhat malleable. 

Experiment 27, — ^Triturate for some time 10 grs. of finely 
divided silver sulphide, with excess of mercury, at a moderately 
warm temperature. When all the silver sulphide is decomposed 
pour off the mercury, and weigh the residue of mercury sulphide 
«(HgS). Squeeze the excess of mercury through washleather 
until the remaining portion is pasty. Transfer the pasty mass to 
a porcelain crucible of known weight, and heat in fume chamber 
to volatilise the mercury. The weight of the silver, if the whole 
of the sulphide was decomposed, should be 87 grs. 

Ag2S + 4 Hg = HgS + Ag2Hg+2 Hg. 
AgaHg= Hg +2 Ag. 

The formula Aga Hg is only approximate. 

Experiment 28. — Take 20 grs. of standard silver and dissolve 
in dilute nitric acid, heat gently, make up the solution to half a 
pint, and add a warm solution of 20 grs. of common salt Heat 
to boiling, and allow to stand for some hours. Decant solution 
through filter paper, and wash precipitate of silver chloride (AgCl) 
on to the filter. Wash well with hot water until the washings give 
no colouration, when a solution of HjS is added. Add the 
washings to the main portion of solution, add a few drops of 
H CI, and evaporate nearly to dryness to expel the nitric acid. 
Dilute largely, and pass a current of HjS gas for some time. 
Boil, filter, and test the filtrate for copper by again passing Hj S 
for some time. If a precipitate is formed, filter through the same 
paper. Wash precipitate on the filter with warm water, dry, and 
weigh as Cu S. Dry also the silver chloride, and weigh. Calcu- 
late the percentage of silver and copper in the alloy of silver taken. 

F 
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Experinunt 29. — Triturate 10 grs. of dry silver chloride with 
mercury until all the Ag CI is decomposed, pour off the amalgam^ 
and weigh the residue of mercuric chloride (HgClj). Squeeze 
the excess of mercury through washleather, and heat the pasty 
mass in a porcelain crucible in muffle to volatilise the mercury. 
Weigh the silver obtained 

Experiment 30. — Dissolve 10 grs. of silver chloride in brine. 
Heat to boiling, and place in the solution a strip of copper. Allow 
to stand for 24 hours for the precipitation of the silver, which 
should be collected, dried, and weighed. The importance of 
cautiousness when adding Na CI to a silver solution so as to 
avoid a large excess, is shown by this experiment, for it shows- 
the solubility of silver chloride in an excess of a soluble chlo- 
ride. The property of one metal to replace another in solution 
is also shown. This change is an example of the action of an 
electro-positive metal upon a solution of a less electro-positive one. 
The following metals would also precipitate metallic silver from a 
solution : — Zn, Pb, Sn, Sb, Fe, Cd, and Hg. The quantity of 
metal deposited, and the quantity of metal taken into solution, 
may be calculated by dividing the atomic weights of the metals by 

their atomicity, thus : parts of copper will deposit — parts 

of silver, and the same quantity of silver will be deposited by 
32*5 parts of zinc, 51*4 parts of lead, 29*4 parts of tin, 22 parts of 
antimony, 14 of iron, 59*5 of cadmium, and 100 of mercury. 

Experiment 2,1' — Make cupels of bone ash, finely powdered 
and passed through 60 sieve, and moistened with water in such 
proportion that a little squeezed in the hand resists to a sensible 
degree an attempt to pull it apart. Fill the cupel mould with the 
moistened bone ash, and force in the plug with one or two blows^ 
of a mallet. (See Figs. 7, 8, and 9, page 29.) Remove the cupel 
from the mould, and proceed as before, making 2 dozen of various 
sizes ?ind with varying quantities of bone ash. Put aside in a warm 
place to dry. 

Experiment 32. — Make an alloy of 200 grs. of copper, 600 grs. 
of lead, and 20 grs. of silver, cast into round mould, and flatten out 
into a cake. Liquate the lead and silver from the copper after 
the manner described in Experiment 33, Part I. Cupel the lead, 
and carefully weigh the silver obtained. A small quantity of 
bone ash is generally found adhering to the button of silver, and 
should be removed by a gentle tap with a hammer before weighing. 
Calculate the loss of silver per cent, and, if considerable, remelt 
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the copper remaining from the liquation with 500 grs. of lead, and 
again liquate and cupel the lead Add the weight of the second 
button of silver to the first, and, if necessary, repeat the liquation 
with another 500 grs. of lead. 

Experiment 33. — Take two large cupels, heat in muffle, and 
introduce into each 500 grs. of commercial lead.' Cupel the lead 
until the whole has been converted into oxide and absorbed. 
Weigh very carefully the small button of silver obtained Com- 
pare the two results, and if they do not agree, repeat with two 
other cupels with the same quantity of lead. 

Experiment 34. — Make two alloys, (a) 500 grs. of lead and 10 
grs. of silver, (^) 500 grs. of lead, 10 grs. of silver, and 10 grs. of 
copper, l^ melting in crucible under a little charcoal. Pour into 
ingot mould, and flatten out with a hammer. Roll out, by means 
of a rolling mill, into thin strips. Take 4 pieces of 50 grs. each 
of (^), and introduce into a previously heated small cupel. Heat 
in muffle until cupellation is completed. Remove the buttons of 
silver, free them from adhering bone ash, and weigh carefully. 
Repeat with four other assays, and if the alloy is homogeneous the 
results will vary very little. Take also 4 pieces of 50 grs. each of 
(b\ and treat in the same way, weighing the silver buttons. 
Observe that those cupels in which lead only has been oxidised 
and absorbed, are of a light yellow or straw colour, while those to 
which copper has been added have a dark brown or black stain. 
The examination of a cupel will frequently enable a person to 
state with accuracy what metals have been present during the 
cupellation.* 

Experiment 35. — It frequently happens that alloys contain 
metals that are not readily cupelled, and these alloys should be 
subjected to the process of scorification before being cupelled. 
The presence of much copper, of antimony, tin, sulphur, nickel, 
arsenic, or zinc, will necessitate the operation of scorification. In 
cases where the composition is doubtful, it is better to scorify. If 
the button of lead is too large, it should be reduced by means 
of a scorification before being introduced into the cupel. A cupel 
will absorb about its own weight of litharge, but a cupel should be 
chosen that weighs at least 15 per cent or 20 per cent more than 
the button of lead that it is to receive. Make an alloy of 300 grs. 
of copper, 50 grs. of tin, 20 grs. of antimony, and 20 grs. of silver, 
by melting the constituents together under a little charcoal. Place 

* See Appendix A, note 6. 
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a piece of the alloy of about lo grs. weight on a cupel in muffle, 
and heat for lo minutes. Observe the effect on the alloy and on 
the cupel. Cut off a piece of the alloy, weighing about loo grs., 
and introduce it, with loo grs. of lead, lo grs. of sand, and lo 
grs. of borax, into a scorifier, previously heated to redness. Con- 
tinue the heating till the surface of the liquid metal is covered 
with slag, when the slag should be poured off and 50 grs. of lead 
added. Heat further until the surface is again covered with slag, 
pour the whole into a round mould, and when cold break away 
the slag with a hammer. Weigh the button and introduce it, 
together with more lead, into a hot cupel ; heat, and add more 
lead if necessary, until the whole of the base metals have been 
removed, and the button of silver in the cupel is bright and clear. 
Notice the colour and appearance of the scorifier, of the slag, and 
of the cupel. 

Experiment 36. — ^In the assay proper of silver bullion, it is 
necessary, in consequence of the loss of silver due to volatilisa- 
tion and absorption by the cupel, to make a check assay of silver 
of known standard at the same time, and under the same condi- 
tions, as the assay of the bullion. By simple comparison of the 
weights of the final buttons, the purity and value of the bullion 
can be ascertained. If the buttons obtained from an equal 
quantity of the alloy and of the standard are of the same weight, 
then the alloy and standard are of the same purity and value 
(assuming that no gold is present). The check may be of the 
ordinary coinage, or the constituents of ordinary silver may be 
weighed out. 

Weigh oat four assays of standard silver of 10 grs. each, wrap 
each in 100 grs. of sheet lead free from silver. For the check 
weigh out 9*25 grs. of pure silver and 75 grs. of electrotype cop- 
per, and wrap them also together in 100 grs. of sheet lead. Heat 
5 cupels of convenient size to redness in muffle, and place in each, 
one of the weighed assays. Heat until cupelled, and cool down 
carefully, to prevent loss of silver through * spitting ' or * vege- 
tating.' (See page 32.) The silver lost during the assay may be 
ascertained by the difference between the weight of the silver ob- 
tained from the check and 9*25. If, now, this loss is added to the 
weights of the results of each of the four assays, the true weight ot 
silver present in 10 grs. of the standard silver taken will be obtained. 

The loss of silver during cupellation varies from 'i per cent to 
•45 per cent. 

Experiment 37. — Obtain a French silver coin, and make an assay 
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by weighing out 10 grs. into each of four cupels. Weigh out also for 
a check 9 grs. of pure silver and i gr. of pure copper. Wrap each 
in 100 grs. of pure lead and treat as in last experiment. Weigh the 
buttons carefully and calculate the percentage of silver. Repeat the 
above with any other silver alloy, e,g.^ French or English jewellery. 

Experiment 38. — When an alloy containing gold or platinum 
is subjected to cupellation, the whole of the noble metal is 
retained on the cupel alloyed with any silver that may be present, 
and the alloy must be treated by a wet method for its separation. 
Melt on a cupel 100 grs. of lead, 25 grs. of silver, and 5 grs. of 
platinum (Pt). When all the lead is absorbed, remove cupel, 
allow to cool, and weigh the button. Flatten the silver and 
platinum alloy, and roll out thin and treat will nitric acid (H NOg) 
in conical flask. Heat to boiling, and when dissolved transfer to 
porcelain dish and evaporate nearly to dryness. Take up with 
water and add H CI (dilute) until all the silver is precipitated as 
silver chloride (Ag CI). Heat nearly to boiling, allow precipitate 
to settle and filter through a good filter paper. Wash well with hot 
water, dry, and fuse with Naa COg for the reduction of the silver. 
Allow filtrate to cool, filter off any precipitate, add an excess of a 
solution of ammonium chloride (Am CI). Transfer to porcelain 
dish and evaporate to dryness. Cool, and treat with water to which 
has been added an equal bulk of alcohol. Decant through a filter 
paper of known ash, and collect the insoluble residue on the 
filter. The residue is the double chloride of platinum and 
ammonium, and has the formula 2 Am CI, Pt CI4. It contains 
43*9 per cent of platinum. Wash the residue with alcohol, dry, 
and heat gently in porcelain crucible until the ammonium chloride 
has been expelled, when the crucible should be raised to a full 
red heat. Allow to cool in desiccator and weigh the residue ot 
metallic platinum. 

The weight of the platinum may be obtained by weighing the 
double chloride after drying at 100'' and calculating the amount 
of platinum from the formula, or simply by multiplying by the 
factor '439.* 

Experiment 39. — Weigh out 10 grs. of standard gold and fuse 
with 100 grs. of pure lead on a cupel. The gold is not subject to 
loss as the silver is, and so a check need not be taken. It is, 
however, advisable to take two assays of 10 grs. each for com- 
parison. Calculate the percentage of gold present in the standard 
from the weights of the buttons of fine gold remaining after 

* See Appendix F for table of factors. 
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cupellation.* A light, or greenish yellow colour indicates the 
presence of silver in the alloy. Australian coinage contains silver, 
and a button from such an assay vould require lo be treated by 



Fig. 23. 



Fig. a?. 

the process known as parting for the separation of the silver, 
since both gold and silver remain alloyed together on the 
cupel. 

Experiment 40. — Parting. — Make an alloy of 30 grs. of silver 
and 10 grs. of gold, cast into ingot, and cut into two equal parts. 
Flatten out under the hammer, clean with hot water, 
and roll out thin (Fig. 27). Coil each piece round 
a lead pencil, to from a 'cornet' (Fig. 28), take 
the exact weight of each, and proceed to ' part ' {d) 
with dilute nitric acid, and {b) with strong sulphuric 
Place {a) in a parting flask (Fig. 29), and add about 
JO c.c. of dilute nitric acid (i acid to z water), boil 
for 10 minutes, or until all action ceases. Pour oft 
the acid solution into a brge beaker, and pour over 
the comet 5 c.c. of strong nitric acid; boil again for 
5 minutes to ensure that the whole of the silver is dis- 
solved out. Pour off the strong acid and wash the 
_ cornet in the flask 

several times with hot 
water, adding all the 
washings to the nitric so- 
lution. The washing must 
be continued until the 
filtrate gives no trace of 
a precipitate with hydro- 
chloric acid. Fill the 
parting flask with water, 
cover with the thumb, 
and invert it into a smalt 
smooth crucible (cornet crucible) (Fig. 30). After allowing any 
small particles of gold that may have been detached to descend 
* See Appendix G for table. 




Fig. 30. 
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into the crucible, together with the comet, the flask is removed 
and the water poured carefully away from the gold. The crucible 
should now be dried carefully, and gradually heated to redness in 
a muffle, when the comet will change from a brown to a bright 
yellow colour, and when cold may be weighed. To the solution 
containing the silver add common salt or hydrochloric acid for 
the precipitation of the silver as chloride, in which state it may be 
weighed after drying, or it may be fused with sodic carbonate for 
reduction to the metallic state. 

4 Ag + 6 HN08 = 4 AgN08+ NO, +NO + 3 H^O, or 
6 Ag + 8 HN08 = 6 AgN08 + N,Os + 4 H,0. 

Ag NOs + Na CI = Ag CI + Na NOj, or 
AgNOs+HCl =AgCl + HN08. 

Place (jh) in parting flask, add 10 c.c. of strong sulphuric acid, boil 
for 1 5 minutes, pour off" the acid, and repeat the boiling twice with 
concentrated sulphuric acid. Pour off the acid and wash re- 
peatedly with hot water, until the washings give no precipitate 
with hydrochloric acid. Fill the parting flask with water, invert 
into crucible, pour off the water, dry carefully, and ignite in muffle 
as before. Weigh the gold cornet, and compare with the weight 
of the cornet from the nitric acid parting. Mix the washings and 
the acid solutions containing the silver, and add Na CI or H CI 
for its precipitation as chloride. Weigh either as chloride or as 
metallic silver after reduction, and compare with the weight of 
the silver from the nitric acid parting. 

2 Ag + 2 Ha SO4 - Aga SO4 + SOi + 2 HjO. 

Ag,S04+ 2 NaCl =2 AgCl + NajS04. 
AgaS04+ 2 HCl =2 AgClH- HjSO*. 

Experiment 41. — Make an alloy of 50 grs. of lead, 20 of copper, 
10 of tin, 10 of antimony, 10 of zinc, 10 of silver, and 5 of gold. 
Treat this alloy by the methods described in the preceding experi- 
ments, embracing the operations of scorification, cupellation, and 
parting, weigh accurately the silver and gold obtained, and note the 
appearance of each scorifier and cupel used 
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Experiment 42. — Make the following alloys by melting the 
constituents under a little charcoal, and deduce the percentage 
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composition from the weight of the ingot, and the formula from 
the percentage composition : — 

Copper-Zinc Series. 

Percentage Composition. 

Cu 90*66 Zn 9*34 

Cu 82*90 Zn i7*io» 

Cu 65*97 Zn 34*03. 

Cu 49*43 Zn 50*57 

Cu 32*64 Zn 67 •36- 

Cu 24*42 Zn 75*58. 

Copper-Tin Series. 





Formula. 


I. 


Cuio Zn 


2. 


CUfiZn 


3- 


CuaZn 


4. 


CuZn 


5- 


CuZn, 


6. 


CuZng 


I. 


Sn Cui6 


2. 


Sn Cuio 


3- 


SnCu7 


4. 


Sn Cuj 


5- 


SnCu4 


6. 


SnCus 


7. 


SnCua 


8. 


SnCu 


9- 


SnaCu 


10. 


SugCu 


II. 


Sn4Cu 


12. 


SujCu 


I. 


Sn^ Pb 


2. 


SnjPb 


3- 


SnPb 


4. 


SnPbg 


5- 


SnPb4 


6. 


* Sn Pbe 



Cu 88*92 


Cu 


84*24 


Cu 


78*91 


Cu 


72*77 


Cu 


67*86 


Cu 


6158 


Cu 


5166 


Cu 


3482 


Cu 


21*08 


Cu 


15*11 


Cu 


13*35 


Cu 


10*67 


EAD 

Sn 


• Serii 
69*60 


Sn 


53*37 


Sn 


3639 


Sn 


22*22 


Sn 


12*51 


Sn 


862 



Sn 


11*08. 


Sn 


iS^^" 


Sn 


2I*09» 


Sn 


27*23 


Sn 


32-14 


Sn 


38*42 


Sn 


48*34 


Sn 


65*18: 


Sn 


78*92- 


Sn 


84*8^ 


Sn 


86*65 


Sn 


89*33 


Pb 


30*40. 


Pb 


46*63 


Pb 


63*61 


Pb 


77*78 


Pb 


87*49 


Pb 


91*33 



Dry Assay of Copper Ore, — The ores of copper may be con- 
veniently divided into three classes — ist, oxidised ores, including 
the blue and green carbonates of copper, the red and black oxides, 
&c. ; 2nd, yellow or pyritic ores, comprising the sulphury ores of 
copper, otherwise than the fahlerz, &c. ; 3rd, the grey ores, in- 
cluding fahlerz, &c. 

Experiment 43. — Assay of Ores of the First Class : Oxidised 
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Ores, — Pass a sample of the ore through 60 sieve, weigh out 
100 grs., and mix with 100 grs. of sodic carbonate, 80 grs. of argol, 
30 grs. of fused borax, and 30 grs. of lime. Introduce the mixture 
into a small copper assay (Cornish) crucible, and heat in sharp, 
fire for 10 to 15 minutes. When all action has ceased, pour into- 
round mould, cool, and break away slag. The slag may be con- 
veniently separated by plunging into water while still hot, or by 
throwing water on it immediately after solidification. Separate any 
shots of copper from the slag by crushing it to powder, and add the 
shots to the main portion. The product corresponds to the coarse 
copper of the Welsh copper-smelting process. The slag contains 
a notable amount of copper, which it may be made to yield by 
fusing with 50 grs. of tartar, 20 grs. of sodic carbonate, and 5 grs. 
of charcoal, and which fusion should be performed in the same cru- 
cible that was used for the production of the coarse copper. Add 
the small button obtained from cleaning the slag to the main por- 
tion, and weigh. Refine the coarse copper by dropping it into a 
white-hot crucible, and allowing it to remain molten for some time^ 
Introduce into the crucible containing the molten copper 100 grs. 
of refining flux, and after two minutes pour the copper into a round 
mould. (For the method of preparing the refining flux see note 5, 
Appendix A.) Cool, detach slag, and grind the latter to powder 
in an iron mortar. Mix the powdered slag with 50 grs. of tartar, 
20 grs. of calcium carbonate (limestone) (Ca COg), and 5 grs. of 
charcoal, and fuse in the same crucible as used for the refining, in 
order to clean the slag. Add the small button from the refinery 
slag to the main portion, weigh, and estimate the percentage of 
copper and the amount per ton of ore. 

Experiment 44. — Assay of Ores of the Second Class : Pyritic 
Ores, — Crush a sample of the ore and pass through 80 sieve, 
weigh out 200 grs. after careful mixing, and add 200 grs. lime, 
200 grs. fluor-spar (Ca Fa), 150 grs. powdered glass, 150 grs. borax, 
and 50 grs. nitre. Heat in large copper assay crucible for 15 
minutes, using a low temperature at first, and gradually increasing 
the heat so as to melt the charge thoroughly, and form a liquid 
slag. Pour into round mould, and when cold detach the slag, and 
weigh the regulus. This slag contains no copper, and therefore 
may be neglected. Grind the regulus in an iron mortar, very 
finely, and afterwards clean out the mortar, and thereby recover 
any regulus that may have been left adhering to its sides by pul- 
verising in it 5 grs. of anthracite. Mix intimately the anthracite 
and the finely powdered regulus, and introduce into a small 
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•copper assay crucible. Fill up a wind furnace with small coke, 
-and fix the crucible on the top in a slanting position, so that the 
^r may have free access. The fire must be kept low, and the 
-crucible must not be allowed to become visibly heated The 
-contents of the crucible must now be stirred constantly with an 
iron stirring rod from 50 to 60 minutes, and the regulus must not 
be allowed to clot or become pasty. Towards the end of the 
operation the temperature may be raised to a dull red heat. The 
object of this treatment is to oxidise and remove, as far as pos- 
sible, the sulphur that is present It is necessary to regulate the 
fire so that the clotting of the regulus may be prevented, for if 
•clots are formed the oxidation is rendered impossible. This 
tendency to clot is greater when the slags produced by the first 
fusion are not thoroughly removed. The odour of sulphurous 
anhydride should have ceased when the operation is completed, 
and the regulus is then said to be roasted * sweet' When this is 
accomplished, remove the crucible from the fire and allow to cool. 
•Grind the calcined regulus in the mortar, cleaning it out afterwards 
with 20 grs. of anthracite; mix the anthracite and regulus, and 
lieat again in crucible for 10 minutes for the decomposition of 
any Cu SO4 that may have been formed during the roasting. Again 
^llow to cool, and turn out the contents upon a sheet of glazed 
paper. Weigh out 80 grs. tartar, 50 grs. sodic carbonate, and 30 
^rs. borax, mix with the roasted product, transfer to same crucible, 
and heat at good temperature, to fuse the mass, for the produc- 
tion of coarse copper and a liquid slag. The time required will 
be about 10 or 15 minutes, and when the surface of the fused 
mass appears tranquil, remove from fire and pour into mould. 
Allow to cool, detach slag, which should be crushed and cleaned, 
as in the former case, by fusion with argol, 50 grs. ; carbonate of 
soda, 20 grs. ; and charcoal, 5 grs. Add the small button from 
the cleaning of the slag to the larger button, and weigh. Refine 
the copper in the same way as before, using a clean crucible, and 
the same amount of refinery flux. Clean the refinery slag by grind- 
ing, and mixing with 50 grs. argol, 20 grs. limestone, and 5 grs. 
•charcoal, and fusing in the crucible used for refining. Add the 
small button from the refinery slag to the larger button, weigh, 
and calculate the percentage of copper in the ore and also the 
amount per ton. 

Experiment 45. — Assay of Ores of the Third Class : Grey 
Ores, — Weigh out 100 grs. of finely powdered ore, 20 grs. of 
hematite, 30 grs. of sulphur, 20 grs. of argol, 200 grs. of limestone. 
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200 grs. of fluor-spar, 150 grs. of glass, and 150 grs. of borax. 
Fuse this mixture in a large copper assay crucible for the 
formation of a regulus and a slag. Separate and neglect the 
slag, and calcine the regulus after pounding in a mortar, 
and observe the same precautions as to temperature as in the 
last experiment, finishing by roasting with 20 grs. of anthracite. 
Refine the copper obtained, using a fresh crucible and 100 grs. 
of refining flux, and clean the slag as before. Weigh the 
copper obtained, and calculate percentage of copper and amount 
per ton. 

The dry assay of copper almost invariably gives a result which 
is lower than the copper contained in the ore assayed, and greater 
accuracy is obtained by a wet assay, to be described in the next 
experiment. The results obtained by a dry assay determine, how- 
ever, the amount of copper that may be extracted from an ore 
by commercial processes, perhaps more exactly, than an assay by 
the wet method. The loss of copper is due to traces remaining 
in the various slags, and to some metal being carried away in the 
vapours given off" by the various fluxes. As a rule the loss of 
copper in the assay is greater when the ores are poorer, and with 
very poor ores the yield of metal is considerably greater than in- 
dicated by the assay. 

Alloys of copper cannot be assayed by a dry method, and are 
invariably treated by a wet method. In cases where the ores con- 
tain, in addition to copper, gold and silver, these metals are 
reduced, and pass into the copper button, and are estimated as 
copper. 

Experiment 46. — Wet Copper Assay {Potassium Cyanide 
Method). — Dissolve 1000 grs. of potassium cyanide (KCy) in 
3 pints of water. Weigh out roughly four pieces of electrotype 
copper of about 4, 5, 6, and 7 grs. respectively, and take 
accurate weight of each piece on balance. Dissolve each 
separately in a conical flask in about 20 c.c. dilute nitric acid 
(H NOs), heat to expel fumes, and transfer the solution to 
30 oz. flask, well washing out the conical flask with distilled 
water. Add strong ammonia (N Hs) in excess, when the solu- 
tion will assume a dark blue colour, and allow to cool. Fill 
a 50 c.c. burette (Fig. 31) with the solution of potassium cya- 
nide, and run a few c.c. into the cooled solution of copper. Well 
shake the flask and add more cyanide solution at intervals, 
until the blue colour begins, to disappear. As the solution loses 
colour, proceed cautiously, shake well and allow to stand for a 
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moment or two after each addition. When the solution is 
decolourised, or has only a very faint blue colour, note the 
quantity of cyanide solution used, by reading off the level of the 
liquid in the burette. The time required for each decolourisation 
should be about 15 minutes. In practice 
a slight colour is left in the solution, which 
serves to show that an excess of the KCy 
solution has not been added Care must, 
however, be taken that the same depth of 
colour is left in when standardising as when 
estimating the copper in an ore or in an 
alloy. Calculate the number of c.c. of cya- 
nide solution that would be required for 
10 grs. of copper. Treat each of the four 
copper solutions in a similar manner, and 
take the average number of c.c. required for 
10 grs. as the strengih of the standard. 
Having now prepared and standardised the 
potassium cyanide solution, proceed to esti- 
mate the copper in a carbonate or silicate of 
copper by selecting an average sample, reduce 
it to powder, and pass it through 80 sieve. 
Weigh out two assays, one of 12 grs. and 
the other of 15 grs., and boil with 12 or 
15 c.c. of strong bydrochloric acid until 
dissolved, and then add 5 c.c. of strong nitric 
acid, and continue boiling 10 minutes longer. 
Dilute with water, transfer to 30 oz. flask, 
and add strong ammonia in excess. Allow 
to cool and proceed as before, preserving as 
fur £s possible the same conditions as when 
standardising, and occupying about the same 
time. The results calculated from the read- 
ing of the burette for the 12 and 15 grs, 
should not vary more than 'i per cent. 
Fig. 31. In treating ores of this class, sulphur is 

occasionally met with, and may be found 
floating on the surfiice of the solution after the ore has been 
dissolved. This separated sulphur should be removed and 
ignited in a porcelain crucible, the residue dissolved out 
with strong H C), and the solution added to the main 
portion. 
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The method of standardising from the readings of the burette 
is shown by the following example : — 



(I) 

(2) 

(3) 
(4) 



Grains. C.C. required. 
4'20 29*05 

4-90 34-07 

6*14 42*68 

6*94 48*26 



278-08 ^ 
-^- — = 69-52. 



C.C. that 10 grs. require. 
69-52 
6952 

69*51 

6953 

278-08 



Thus the average of four determinations shows that a solution 
of 10 grs. of copper require 69-52 c.c. of potassium cyanide solu- 
tion to decolourise it These figures are now used to obtain the 
percentage of copper in the ore thus : — 

Suppose r2 grs. of ore required 24-3 c.c. of K Cy solution, and 
15 grs. of ore required 30-4 c.c. of KCy solution, we have seen 
that— 



C.C. 


Grains. 




C.C. 




Grains. 


69-52 


: 10 


• • 

• • 


24*3 




3-495, then 


Ore. 


Copper. 




Ore. 




Copper. 


12 


: 3-495 


• • 

• • 


100 




29-12 per cent. 


C.C. 


Grains. 




C.C. 




Grains. 


69-52 


: 10 


• • 

• • 


30*4 




4-373» 


Ore. 


Copper. 




Ore. 




Copper. 


15 


: 4*373 


• • 

• • 


100 




29-15 per cent. 




29- 


15- 


29-12 = 


•03 


variation per cent. 



This method of estimating copper depends upon thedecolourisa- 
tion of an ammoniacal solution of copper by potassium cyanide, 
which produces a double cyanide of copper and ammonia which 
is colourless, together with various organic bodies. The quantity 
of ammonia present influences in some degree the amount of 
cyanide solution required, and therefore the quantity of ammonia 
added, after the neutral point has been reached, should, as far as 
practicable, be the same when the ore is under treatment as when 
the cyanide solution was standardised. The action of heat also 
affects the quantity of cyanide solution required, a warm solution 
not requiring so much to decolourise it as a cold one does, hence 
the necessity of cooling the ammoniacal solution before adding th^ 
potassium cyanide. It is found that 10" increase in temperature 
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causes a difference of about '4 c.c The presence of silver, zinc, 
nickel, and cobalt, is found to interfere with this method, giving 
results that are too high, while the presence of iron (usually present 
in copper ores) does not affect the accuracy of the estimation. The 
silver is precipitated as chloride by the hydrochloric acid and may 
be filtered off, well washed with hot water, the washings being 
added to the copper solution, which is then neutralised and the 
ammonia added in excess. The method described in Experiment 
48 may be employed to remove the zinc from the copper when it 
is present. If, however, the amount of zinc present does not 
exceed 5 per cent of the copper present, it need not be removed ; 
if that amount is exceeded there will be a difference of about 
5 per cent between the amount of copper present and the estima- 
tion. Occasionally the copper is filtered off from the silicate, &c., 
left on boiling the ore with nitric acid, and to the solution a rod of 
zinc is added and kept in contact with a strip of platinum foil, 
which induces voltaic action, and the zinc goes into solution and 
the copper is precipitated. The rod of zinc is then withdrawn 
and the copper washed well with hot water to dissolve out 
every tiace of zinc. The precipitated copper is then dissolved 
in dilute nitric acid, and ammonia is added to the solution, 
which is then cooled, and the potassium cyanide solution run 
in. As the solution of potassium cyanide undergoes slow decom- 
position, it becomes necessary to restandardise it after an interval 
of a few days. 

Experiment 47. — Sulphury or pyritic ores must be treated for 
the oxidation of the sulphur by calcining at a low red heat, with 
occasional stirring. Weigh out 20 grs. and 25 grs. of powdered 
copper pyrites, and roast until sweet in a muffle. Carefully crush 
all lumps, and transfer when cold to a conical flask. Add 12 c.c. 
of strong nitric acid and heat for 30 minutes ; add more acid if 
necessary, and when all is dissolved, transfer to 30-ounce flask, add 
ammonia in excess, cool, and run in the K Cy solution from the 
burette, shaking occasionally until decolourised. Calculate the 
percentage of copper in the ore, and also the amount per ton. 
Any iron that may be present in the ore will be precipitated as 
hydrated oxide (Fcj Og Hg), when the ammonia is added in the 
form of a flocculent, red-brown precipitate. This may be left in 
the solution, and will in no way interfere with the result ; but if it 
is desirable to estimate the iron as well as the copper, it should be 
filtered off, well washed with dilute ammonia, redissolved in dilute 
sulphuric acid, boiled with zinc for the reduction to the ferrous 
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state, and finally estimated by the potassium bichromate method 
(See Experiment 54.) 

Experiment \%, — Illustrating the Action of Zinc in influencing- 
the Result obtained by this Method, — Weigh out 20 grs. of oxidised 
copper ore, dissolve in strong H CI, and add 5 grs. of zinc ; add 
also 5 c.c of strong nitric acid ; boil for 1 o minutes, dilute with 
water, and transfer to large beaker. Make a solution of 60 grs. of 
sodium thiosulphate (Na^ Sj Os), heat to boiling, and add half of the 
solution to the hot solution of copper and zinc, when the copper- 
will be thrown down as a black precipitate. Heat gently, and 
stir occasionally for 10 or 15 minutes, when, if the solution is not. 
colourless (above the precipitate), add more NajSjOs solution. 
Allow to settle, and decant clear solution through filter, leaving^^ 
the precipitate in the beaker. Wash two or three times with 
boiling water, and decant the water after each washing. Transfer 
the precipitate to the filter, wash with hot water, dry, ignite filter 
paper, and precipitate in porcelain crucible. After ignition, wash 
out into a 30-ounce flask, heat, and add dilute sulphuric acid and 
nitric acid. When dissolved, dilute, add ammonia in excess, cool^ 
and proceed as before. 

It may be advisable to simultaneously carry out an experiment 
with the same quantity of ore and zinc, and treat in the ordinary 
way, leaving the zinc in solution, and noting the difference between 
the results obtained. 

Experiment 49. — Estimation of Copper^ Zinc^ and Lead^ in 
Brass, — Make an alloy of 200 grs. of copper, 100 grs. of zinc, and 
5 grs. of lead. File the surface, flatten out under the hammer, 
and roll out thin. Dissolve 50 grs. of the alloy in dilute hydro- 
chloric acid, and dilute the solution to half a pint. Pass sul- 
phuretted hydrogen (HjS) through the cooled solution for some 
time, when both copper and lead will be precipitated as sulphide. 
Heat and allow to settle, and add Hg S solution to see if all is 
precipitated. If, on this addition, a black colour is produced, 
pass Hj S gas for some time longer. Allow precipitate to settle, 
decant clear solution through filter paper, and wash the precipitate- 
with water, to which a little H CI has been added. Transfer the 
precipitate to filter paper, and wash with acidulated water, to- 
which Hj S has been added, until the washings give no residue 
on evaporation. Dissolve precipitate in smallest quantity of dilute 
nitric acid, add a few drops of strong sulphuric acid, evaporate to 
dryness, and redissolve in moderately strong Hj SO4. Dilute with 
water, filter quickly through a small filter paper, wash with water 



9o Analysis of Bronze, 

acidulated with Hj SO4. The copper is now removed, and the 
precipitate of lead should be washed carefully with water mixed 
with an equal bulk of methylated spirits, until the washings give 
no precipitate with a solution of baric chloride (Ba CI2). Dry, 
l)rush off the precipitate as far as possible, and burn the filter on 
the lid of a porcelain crucible. Moisten the ash with a drop of 
nitric acid, heat, and add one drop of sulphuric acid, and ignite 
the precipitate of lead sulphate in the crucible, and also that 
contained by the lid. Weigh, deduct the weight of the crucible and 
ash, and calculate as Pb SO4. The filtrate which contains the zinc 
•should now be boiled to expel the Hj S, and a crystal of potassium 
chlorate added Prepare a hot solution of sodic carbonate, and 
add it to the zinc solution as long as a precipitate forms. Heat 
to boiling, and allow to stand for 10 minutes ; test if all the zinc 
is precipitated by adding more of the Nag CO., solution. Filter 
through tarred filter paper, wash well, dry, ignite, and weigh as 
zinc oxide (Zn O). The filtrate from the lead sulphate contains 
the copper, which may be estimated by one of the methods given 
in Experiments 28, 46, or 50. 

Experiment 50. — Analysis of Bronze, — Flatten out thin a 
bronze coin, cut off a piece each of about 10 and 12 grs. Weigh 
accurately, and dissolve each piece in an 8-ounce beaker with dilute 
nitric acid (one of acid to one of water). Boil for 10 minutes, dilute 
•with water to three times its bulk, and further heat for 20 minutes, 
•stirring occasionally. Allow precipitate to settle, filter through 
tarred paper, and wash well with water containing a little nitric 
acid. Dry in water-oven, brush off and burn paper, ignite in 
porcelain crucible, and weigh as tin oxide (Sn O2). Evaporate the 
solution to dryness, with a little hydrochloric acid, in order to 
Temove the nitric acid. Redissolve in water, add a little HCl, 
and pass HgS gas until all the copper is precipitated. Wash 
precipitate in beaker with water containing HCl, and collect on 
^Iter, wash well, dry, ignite, and weigh as Cu S. If great accu- 
racy is desired the copper precipitate should be redissolved and 
again precipitated and filtered off, the filtrate being tested for zinc. 
Boil filtrate tp expel the HjS, evaporate nearly to dryness, add 
water and a saturated solution of sodic carbonate. Boil the solu- 
tion, and filter off any Zn COs, wash well, dry, ignite, and weigh as 
ZnO. 

Compare the results obtained from both the estimations. 

Experiment 51. — The Gravimetric Estimation of Iron, — Weigh 
out 10 grs. of finely powdered hematite, place in beaker, add 10 c.c. 
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of hydrochloric acid, boil for 15 minutes, wash down the sides of 
the beaker, and evaporate to dryness on a sand-bath, using a 
gentle heat. Allow to cool, and redissolve in dilute hydrochloric 
acid, assisting the solution by boiling. Dilute largely, filter off 
insoluble portion (silica, &c.), and make the solution alkaline by 
adding ammonia, and then a solution of ammonium acetate 

( iro NH O )• ^^^^ ^^^ solution, when a red-brown precipitate 

of Fea (CHg C0a)6 will be produced. Allow to settle, filter, wash 
well with hot water containing ammonia, dry, brush the precipitate 
as far as possible from the paper, burn the paper, and ignite the 
precipitate, and weigh as Fea Os. Calculate the percentage of iron 
and the amount per toa The filtrate from the acetate of iron 
should be quite clear and colourless. The insoluble portion should 
be well washed with hot water containing H CI, dried, ignited, and 
weighed as Si Oa. 

Experiment 5 2. — Assay of Silver Ore by Fusion Method. — ^Weigh 
out 1000 grs. of the ore, and dry in porcelain dish, with occasional 
stirring, for 30 minutes. Allow to cool, and reweigh. Reduce to 
fine powder in iron mortar, and pass through 60 sieve, collect 
the metallic portions that will not pass through the sieve, and 
cupel them with twice their weight of assay lead. Thoroughly 
mix the powdered portion, and weigh out 100 grs., and mix with 
500 grs. of red lead, 300 grs. of sodic carbonate, 200 grains of 
borax, and 25 grs. of charcoal. Transfer to crucible, and heat for 
20 minutes at high temperature. Pour into round mould, and 
when cold detach slag, and clean the button by washing in warm 
water and brushing with hard tooth-brush. Crush the slag to 
powder, and mix with red lead 300 grs., sodic carbonate 25 grs., 
and charcoal 15 grs., and fuse in the same crucible as before to 
clean the slag. Pour after about 15 minutes, and when cold detach 
slag from the button, clean it with hot water, and cupel it, and also 
the larger button, in separate cupels, for the isolation of the silver. 
Red lead frequently contains small quantities of silver, and this must 
be estimated by reducing 400 grs. with charcoal, and then cupelling. 
As 800 grs. of red lead have been used in the assay, the weight of 
the minute button must be doubled, and the weight deducted from 
the quantity of silver obtained in the reduction of the ore. 

To find the percentage of silver : — 

m X 7000 X 2240 
100 



8 2 Assay of Iron, 

Where m is the weight of silver from loo grs. of the ore, and x is 
the silver per ton. The silver from the metallic portions is calcu- 
lated separately, and the result added to the other. 

Experiment 53. — Assay of Stiver Ore by Scorification Method, — 
Take 50 grs. of ore, 500 grs. of granulated lead, and 5 grs. of 
borax. Weigh out two quantities for assay, and treat them simul- 
taneously. Mix the ore with half the lead, introduce into a 
previously heated scorifier, and place in hot muffle. After 15 
minutes add the remainder of the lead and the 5 grs. of borax. 
Allow free access of air for oxidation, and when the surface of the 
metal is covered with slag, add 3 grs. of powdered anthracite, 
wrapped in paper, by which means the slag is cleaned. Heat for 
10 minutes longer, and then pour into a round mould. Detach 
slag when cold, and cupel the lead. Weigh the silver obtained, 
and calculate as before. Compare the result with that of the 
fusion method Cupel 500 grs. of lead for the estimation of the 
silver in it, the weight of which must be deducted from the weight 
of silver obtained from the ore. 

Experiment 54. — Volumetric Assay of Jron^ by means of Potas- 
sium Bichromate, — This determination is based upon the oxidation 
of a solution of ferrous to the ferric state by means of a solution 
of potassium bichromate of known strength. A solution of 
potassium ferricyanide, free from ferrocyanide, is used to indicate 
when sufficient bichromate solution has been added to convert the 
whole of the ferrous iron into the ferric state, a drop of the iron 
solution, to which the bichromate is being added, is brought in 
contact with a drop of a weak solution of the potassium ferricyanide, 
upon a white tile. As long as any ferrous iron remains, the two 
drops on mixing will form a rich blue precipitate (Turnbuirs 
blue), which, however, becomes fainter as more of the bichromate 
solution is added, and when the two drops do not give a precipi- 
tate or a colouration the process is finished. 

Dissolve 300 grains of potassium bichromate (Kj Cr^ O7) in 4 
pints of distilled water, and also 5 grs. of potassium ferricyanide 
(K4 Fea Cyia) in 4 ounces of water. Weigh out 4 pieces of clean, 
pure, iron wire, of about 4, 5, 6, and 7 grs. each, and weigh each 
piece accurately on balance. Pour into 4 conical flasks, about 10 
ac. of dilute hydrochloric acid (i acid to i water), boil, and keep 
the mouth of each flask closed by a bulb or small funnel. Intro- 
duce into each, about 5 grs. of sodic carbonate to expel the air ; 
drop into each one of the pieces of weighed iron wire, numbering 
the flasks, so that the quantity of iron in each may be noted. 



Assay of Iron. 83 

fioil until the iron is dissolved, and keep simmering until required 
for use ; this solution must be colourless. Dilute one of the iron 
solutions, and transfer to a large disti, well wash out the flask 
into the dish, and run in a 
few cc. of the bichromate 
solution from a burette (Fig. 
31), stir well with a glass 
rod, and add more solution 
from the burette from time 
to time, until a drop taken 
on the glass rod, and added 
to a drop of potassic ferri- 
cyanide solution on a white 
tile, does not give a blue 
colour. At first a deep 
blue results, but as more 
of the bichromatic solution 
is added, and fresh trials 
made, the colour becomes 
fainter, changes to a green, 
and finally to a greyish 
hue; and as these indica- 
tions appear the K, Cr, Oj 
solution must be added 
cautiously. When the whole 
of the Fe Cl» has been thus 
converted into the Fe,Cl« 
condition, the number of 
cc. of the bichromate solu- 
tion used is read off and 
noted. Fill up the burette, 
and rinse out the dish, and 
proceed in the same manner 
with another iron solution. 
The number of cc. re- 
quired for la grs, of iron 
should be calculated from Fig. 32, 

each trial made, and the 

results should not vary more than -03 per cent. The mean of 
the four results should be taken as the standard of the strength 
of the potassium bichromate solution. The iron solution must 
contain an excess of free acid during the titrating. 
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The reactions which take place may be represented by the 
following equations : — 

) Fe + 2HCl = FeCla + Hj. 

2) 6 FeClj + KsCr,07 + 14 HCl = 3 Fe,Cl« + 2KCI + CraCl« + 7 HjO. 
[3) 3 Fe Cla + Fe, K« Cyu = Fe". Fe^^, Cyu + 6 KCL 

(TumbulFs blue.) 

Take 10 grs. of finely powdered hematite, and dissolve by boiling 
in strong hydrochloric acid. A residue will probably remain in 
the flask, consisting of insoluble silica, which need not be filtered 
off, but care must be taken that the whole of the iron has been 
dissolved out. Dilute the solution, and add a few pieces of pure 
zinc, which, by decomposing the acid, liberates hydrogen in a 
nascent state ; this acts as a powerful reducing agent to reduce 
the iron from the ferric to the ferrous condition, as it is obviously 
necessary that the whole of the iron must be present as ferrous 
iron, before the bichromate solution is added for its oxidation to 
the ferric state. When the solution is perfectly colourless, test 
with a drop of sulphocyanate on a white tile, when it should not 
give more than a rose-pink tint After the whole of the zinc is 
dissolved, dilute and transfer to dish, and run in from burette the 
bichromate solution as before, testing the solution after each ad- 
dition, by means of K^FeaCyu, on a white tile. Calculate the 
percentage of iron in the ore from the number of cc. required. 

The method of standardising is shown by the following ex- 
ample : — 







Grains. 


CC 


!. required. C.C. 


that 10 grs. require. 




i 

(4) 


41 

' 5-0 

1 6*2 

1 6*9 
10 grs. 


22-1 53-9 
27-0 54-0 
33*5 54-0 

37'4 . 54-1 
therefore require 54*0 cc. 


* 


Now 


suppose 10 grs 
CC 
54 : 


. of hematite required 367 cc, 

Grs. CC Grs. 
10 :: 367 : x 


then : — 










367 X 10 - ^ 

BS M*t\i 


^ riAr o(^r\ 


\ TTa 



54 

The iron and ores may be dissolved in dilute HjS04 instead 
of H CI, in which case the solution of the ore, after adding the 
zinc to reduce the ferric iron by the hydrogen liberated, must be 
tested with potassium sulphocyanate (K Cy S), to ascertain if all the 
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iron is in the ferrous state. Ferric salts give a blood-red coloura- 
tion with K Cy S, while ferrous salts give no colour. 
Equations : — 

i) Fe + H,S04 = FeS04 + H8. 

>) 6 Fe SO, + 7 H, SO4 + K, Cr^ ©7 = 3 Fe^ (SO^s + Cr^ (SO,), 
+ K,S04+7 HaO. 

(3) 3 Fe SO4 + K, Fe, Cy^ = Fe \ Fe^^a Cy^ + 3 K, SO4. 

It is sometimes preferred to make deci-normal solution of 
potassium bichromate, that is a solution of such a strength that 
I litre would be equivalent to 5*59 grams of iron, or t c.c. equivalent 
to '00559 gram of iron. It will be seen from equation (2) that one 
equivalent, or 294*14 parts of bichromate, will convert six equiva- 
lents, or 335*4 parts of iron to the ferric state, therefore by 

dissolving — ^^ — grams of pure potassium bichromate in a litre of 

water, a normal solution would be made, and by taking y^^ of this 
quantity, namely, 4*9023 grams, and dissolving in i litre, a deci- 
normal solution is formed, of which i cc. is equivalent to '00559 
gram of iroa 

With this solution it is only necessary to multiply the number 
of c.c. required by *oo559 and by 100, and to divide by the weight 
taken, to get the percentage. 

Number of cc x 'ooitco x 100 

w ■ U4. ? — == per cent 

Weight of ore 

Experiment 55. — Estimation of Iron by Potassium Perman- 
ganate, — Weigh out four pieces of iron wire of about 5, 6, 7, and 
8 grs. each, take the accurate weight of each on balance, and 
dissolve separately in dilute sulphuric acid (one to three water) in 
a i6-ounce flask, assisting the solution by heating. When dissolved, 
cool the solution, which should be quite colourless and free from 
iron in the ferric state. It is advisable to add a little sodic car- 
bonate to the acid in the flask to expel the air before introducing 
the iron. Run into the cooled solution of iron, contained in the 
flask, a solution of potassium permanganate (Kj Mn^ Os) from a 
burette, until it has a permanent pink colour, when the level of 
the liquid in the burette should be read off". 

The permanganate solution maybe made by dissolving 100 grs. 
of the Ka Mnj Os in 3 pints of water. 

The principle is the same as in the preceding experiment, the 
permanganate oxidising the ferrous iron to the ferric condition, 
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only that no external indicator is necessary, for the iron in the 
solution decolourises the permanganate as fast as it is run in, by 
abstracting its oxygen until the whole of the iron is satisfied, when 
the colour becomes permanent. From the four trials, the results 
of which should not vary more than '02 per cent, calculate the 
quantity of iron that 100 c.c. equals, taking the mean as the true 
standard. 

Grs. C.C. required. Grs. per icx) c.c. 
4*855 30-1 16-136 

5-920 367 16-131 

7-100 44-0 16-136 

7-940 49*2 16-138 

6T'54t 

<54'54i . 

— - — = 16-135 ^^ per 10® C.C. 
4 

Take 5 grs. of hematite, dissolve in smallest quantity of dilute 
H CI (i-i), and, when dissolved, add a few drops of strong sul- 
phuric acid, and evaporate to complete dryness in fume closet 
Redissolve in dilute sulphuric acid, boil, and add zinc free from 
iron, to reduce the ferric iron to the ferrous state. Allow the 
action to go on for some time, keeping the flask closed with a 
small funnel or bulb, and test solution from time to time, by 
adding a drop to a drop of potassium sulphocyanate (K Cy S) on 
a white tile. If any red or pink colouration is shown, add more 
zinc, which, however, must all be dissolved before adding the 
permanganate solution. When the reduction is complete, and 
the zinc dissolved, cool, dilute, and run in from burette the 
standardised solution, until a permanent pink colour is established. 
Read off the number of cc, and calculate the amount of iron in 
the ore. 

If 5 grs. require 21 cc, then 

C.C. Grs. C.C. Grs. 

100 : 16-135 :: 21 : ^ 

16-135x21 ^^ _ . 

^^ = 3*388 grs. Fe from 5 grs. ore. 

100 

Grs. ore. Grs. iron. Ore. Iron. 

Then, 5 : 3*388 :: 100 : x 

3-388 X 100 , , _ . , 

^^-^ =67 76 per cent Fe m the ore. 
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Cementation of Iron, — Cementation is the process of carburisa- 
tion, or introducing carbon into wrought iron, in order to give 
it the properties of steel, by heating it in the presence of charcoal, 
or other carbonaceous matter, for a more or less prolonged period, 
at a temperature far below the point of fusion. The same term is 
applied to the operations which have an opposite, or decarburising 
effect, />., taking carbon out of cast iron and so rendering the 
material malleable. 

Experiment 56. — Take a piece of combustion tubing 12 inches 
long, and draw out one end to a fine tube. Place in the tube 
several pieces of soft iron wire. Draw out the other end, and 
connect up to a supply of coal gas. Ignite the gas at the other 
end and turn down low. Heat the tube in a small tube furnace 
(Turner's) as in Experiment 21, Part II., for one hour. Shake 
out one piece of wire, and test it by hardening it in the usual way, 
and by bending and filing it. Continue heating the remainder 
for one hour more and shake out other pieces. Notice the effect 
of the carbon which the wire will have taken in. It has now the 
properties of steel. 

Experiment 57. — Take three or four pieces of bar iron, preferably 
of various thicknesses, about 2 inches long, and embed vertically 
in roughly powdered charcoal, in a fairly large crucible. Shake 
well down, and fill up as full as possible with finely powdered 
charcoal, and again shake down. Lute on the lid, and place in 
furnace. Keep up a high temperature for three or four hours. Open 
crucible when cold, and examine the pieces of iron. Break across, 
and notice to what extent the action has proceeded. Examine 
fracture with a lens. Repeat experiment with same size pieces of 
iron, subjecting them to longer heating. Try the effect of harden- 
ing the pieces, by heating them to redness and plunging them 
into cold water. Fracture in vice, and notice the appearance of 
surface. 

Experiment 58. — Decarburisation. — Take three or four flat 
pieces of cast iron, or cast iron rods of \ inch diameter, and 2 
inches long. Embed in powdered hematite or red ochre, in 
crucible. Shake well down, and fill up with the hematite ; lute on 
lid, and heat in furnace for three or four hours. When cold 
remove from crucible, fracture, and examine with lens. Replace 
the pieces, keeping one back for comparison, and heat for a longer 
period and examine. The effect of the decarburisation will be 
readily seen. 



S6d Further Experiments with Gold, 

Further Experiments with Gold, — It is well known that gold is 
attacked by chlorine gas, with the formation of gold chloride. 

2 Au + 3 CI2 = 2 Au CI3. 

This property is taken advantage of in extracting gold from 
auriferous pyrites. When the metal occurs with sand or quartz, it 
is best extracted by means of mercury, an amalgam being formed, 
which is afterwards distilled, or treated as the silver in Experiment 
27. 

Experiment 59. — Take six or eight gold leaves, weigh carefully on 
balance. Crumple up and mix with about 150 grains of fine white 
sand. Draw out a piece of glass tubing (not combustion tubing) 
about I inch diameter, sufficiently thin to attach a piece of ordinary 
\ inch rubber tubing, and bend the drawn-out end up. Fix in 
clamp in vertical position, and introduce into it the mixture of gold 
and sand. Connect a chlorine apparatus to the small end of the 
tube. Generate chlorine gas by the action of strong commercial 
hydrochloric acid on manganese-dioxide, and arrange the whole 
in a fume chamber. Allow a slow current of chlorine gas to pass 
for ten minutes. Disconnect and transfer to a beaker, add water 
and warm. Decant the solution and wash sand several times. 
Precipitate the gold, by means of sulphurous acid, or oxalic acid, 
or ferrous sulphate. Collect on filter paper, wash well, dry, and 
incinerate in tared porcelain crucible. Weigh and compare with 
original weight of gold leaves. Six and a half gold leaves weigh 
about one grain. 

Experiment do, — Half-pound of pyritic ore containing gold is 
broken up and passed through 10 sieve. This must then be 
roasted till sweet in roasting dish. A glass tube similar to the one 
used in the last experiment, but \\ inches diameter, is taken, 
and the ore placed in the tube, the coarser pieces at the bottom 
and the fine on the top. Connect with the chlorine apparatus, 
and pass the gas in a slow stream for one hour in the fume 
chamber. Instead of a tube as above, a gas jar may be used, in 
which case a leading tube is placed in the centre, reaching to the 
bottom, and the roasted ore packed round it. The material is 
now treated with water, and allowed to stand for a quarter of an 
hour with frequent shaking. Decant through filter paper, and 
wash the residue many times with chlorine water. Add the 
washings to the main solution, and concentrate by evaporation to 
about half a pint. Acidulate with dilute hydrochloric acid, and 
filter off any precipitate. Add now 50 c.c. of ferrous sulphate 
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solution and stir well. Filter the precipitated gold, and test the 
filtrate by boiling with a little more ferrous sulphate solution. 
Wash precipitate, dry, and incinerate in tared crucible as- before. 
Find weight of gold in ton of ore by reference to Appendix G. 
Quartzose ores should be treated as follows : — 
Place finely powdered ore (60 sieve) in a stout flask with sufficient 
water to cover, and add 10 c.c. of bromine, in fume chamber 
with good draught. Pass chlorine gas with constant stirring till 
the deep colour of the bromine has nearly disappeared. Cork 
the flask, and allow to stand in a dark place with occasional 
shaking for twelve hours, when the residue may be decanted, 
washed several times, and the solutions treated as before. 

In the absence of ores containing gold; artificial ore may be 
made by mixing filings or gold leaves with ordinary ore. 
Jewellers' " sweepings " may be used if obtainable. 



Note. — The Thompson's calorimeter, as described in Experi- 
ment 6, page 53, is now superseded by an improved form which 
gives better results. In this apparatus, which can be supplied by 
any dealer, no oxidising mixture is used, but oxygen gas is 
forced down the tube of the bell cover and the. coal is placed in 
a small platinum crucible which takes the place of the copper 
cylinder. The apparatus is not suitable for use with coke. 
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APPENDIX A. 

1. To lute on the lids of crucibles, take some finely crushed 
raw fireclay and mix with about half its volume of powdered burnt 
clay, /.<?., the clean portion of used pots or broken mufiles, add 
water, and knead together until a fairly stiff mass is formed. 
Moisten the under side of the lid and also the top of the crucible 
with water, make a ring of the clay on the lid near its edge, and 
press it down on to the crucible, making the lute smooth and even 
by pressing with the moistened fingers. The luting should be 
slowly dried before the pots are put into the fire. 

2. Porcelain crucibles should not be allowed to come in con- 
tact with the bone ash in the muffles while hot, but should be 
placed on a thin piece of firebrick or piece of broken muffle, 
otherwise the bone ash will stick to the glaze of the porcelain, and 
thus alter the weight of the crucible. 

3. An indication of the kind of flux required for the assay of 
iron ores may be observed in the slags, and in the iron produced 
in the preliminary assay. If the iron is not melted into one 
button, but is dispersed as minute shots throughout the slag, silica 
is deficient in the flux, and a greater heat is required Manganese 
gives an amethyst colour to the slag, and the button of iron pro- 
duced firom manganiferous ores is smooth and hard, and has a 
white crystalline fracture. Phosphorus makes the iron brittle when 
cold (cold-short), and sulphur causes it to be brittle when red-hot 
(red-short). 

4. A good substitute for argentiferous p)rrites may be made by 
mixing 10 grs. of finely crushed silver sulphide with 90 grs. of 
copper pyrites. 

5. Refining flux for copper assay is made by taking 3 parts by 
measure of nitre (K NOs), 2^ parts of tartar (argol), and i part of 
common salt (Na CI), mixing well together, and deflagrating in a 
crucible. A large crucible must be used, and not filled more than 
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one-half or two-thirds, and the mixture is ignited by touching with 
a red-hot poker. This should be performed in an empty wind 
furnace, or in a well-ventilated fume closet. Instead of igniting 
the whole at once, the mixture may be projected into the previously 
heated crucible, a small portion at a time. When cold the flux, 
which has attached itself to the sides of the crucible, may be 
crushed to powder and stored in a well-corked bottle. 

6. The presence of the different metals during cupellation is 
indicated in the following manner : — 

Lead, — Straw-coloured stain, caused by molten litharge which 
permeates the cupel. 

Bismuth, — ^Yellow to orange-coloured stain, which also per- 
meates the cupel. 

Copper, — Dark brown stain, permeating the cupel when lead 
or bismuth is present 

Zinc, — Blue flame, white fumes, and mass of white oxide 
(Zn O) on the cupel 

Tin, — Loose grey scoria in the centre of the cupel, and not 
closely adhering to the bone ash. 

Antimony, — Yellow or dark red compact scoria, forming a ring 
round the cupel at the level of the original surface of the bath of 
metal, which adheres to the cupel. The cupel is also cracked. 

Arsenic, — White or pale yellow scoria. 

Chromium. — Dark red stain. 

Cobalt, — Dark green stain and scoria. 

Nickel, — Same as cobalt 

Iron, — Dark red-brown scoria and dark ring. 

Manganese. — Bluish black stain and scoria. 

Platinum, — Greenish stain and infusible residue. 

Palladium, — Same as platinum. 

7. To reduce lbs. troy to lbs. avoirdupois, multiply the lbs. 
troy by '82 2857. To reduce avoirdupois lbs. to troy lbs., multiply 
the avoirdupois lbs. by 1*215. 

I lb. troy = 5760 grs. troy = 13 ozs. 2*65143 drs. avoirdupois. 

I lb. avoir. = 7000 grs. troy = i lb. 2 ozs. i dwt 16 grs. troy. 

I gr. troy = 64*8 milligrams. 

I lb. troy = '373 kilogram. 

I lb. avoir. = '4536 kilogram. 

I gram = 15*432 grains. 

I litre = 35 ozs. = 1*76 pint 
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APPENDIX B. 
TABLE OF FUSIBILITIES. 



Tin ... . 
Bismuth 
Cadmium . 
Lead ... 
Zinc 

Antimony . 
Silver ... . 
Copper 
Gold ... 
Cobalt ... 
Cast iron . 

oL66i • • . > 

Manganese . 

Wrought iron 

Nickel... 

Platinum 

Iridium 

Rhodium 



Centigrade. 


Fahrenheit. 


Wbdgbwood 


226°'5 


439' 




267"^ 


512' 




320" 


608" 




335' 


635' 


— 


4ii''5 


773' 




440° 


824*^ 




1023'* 


1873" 


22' 


1054" 


1930" 


28* 


1250' 


2282' 


32' 


1500" 


2730** 


130'* 


1515' 


2786' 


132^ 


1800'' 


3^54* 


160' 


1845' 


3380^ 


165- 



2000 3630 175 

2060** about 3730** about 180' 

2060** about 3730" about 180° 

2060° about 3730° about 180' 

2060** about 3730° about 180' 



APPENDIX C. 
LIST OF ELEMENTS WITH ATOMIC WEIGHT, &c. 



Name. 


Symbol. 


Atomicity. 


Atomic Weight. 


Sp. Gravity 


Aluminium . 


.. Al 


IV. IL 


27*02 


2-6 


Antimony 


.. Sb 


V. III. 


119*95 


6-71 


Arsenic ... . 


,. As 


V. III. 


74-91 


5*73 


Barium ... 


.. Ba 


IL 


13676 


3*75 


Bismuth 


.. Bi 


V. IIL 


2o8-o 


9*8 


Boron ... 


. B 


IIL I. 


10-94 


2*53 


Bromine 


.. Br 


I. 


79*77 


3*15 


Cadmium 


.. Cd 


IL 


111-65 


8-6 


Caesium 


. Cs 


I. 


133*0 


1-88 


Calcium... . 


.. Ca 


IL 


39*9 


1*5 


Carbon ... 


.. C 


IV. II. 


11-97 


3*5 


Cerium ... . 


,. Ce 


IV. IL 


140*42 


6-72 
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Namb. Symbol. 

Chlorine ... CI 
Chromium ... Cr 

Cobalt Co 

Columbium ... ) 

' or V Nb 

Niobium ... j 

Copper Cu 

Didymium ... Di 

Erbium E 

Fluorine F 

Gallium Ga 

Glucinum ... ) 

or VBe 

Beryllium ... j 

Gold Au 

Hydrogen ... H 

Indium In 

Iodine I 

Iridium Ir 

Iron Fe 

Lanthanum ... La 

Lead Pb 

Lithium Li 

Magnesium . . . Mg 
Manganese . . . Mn 
Mercury . . . Hg 
Molybdenum . . , Mo 

Nickel Ni 

Nitrogen ... N 
Osmium ... Os , 
Oxygen ... ... O 

Palladium ... Pd 
Phosphorus ... P 
Platinum ... Pt 
Potassium ... K 
Rhodium ... Rh 
Rubidium ... Rb 
Ruthenium ... Ru 
Samarium 

or 5>Tr 

Terbium 



Atomicity. Atomic Weight. Sp. Gravity. 

I- ^ 35'37 35*37 

VI. IV. II 5 2 06 65 

IV. IL 5888 8-6 



V. 

IL 
IL 

III. L 
I. 

in. 

IL 

IIL I. 

I. 

IIL 

I. 

VI. IV. IL 

VL IV. II. 

IL 

IV. IL 
I. 

IL 

VL IV. II. 

IL 

VL IV. II. 

IV. II. 

V. III. 

VI. IV. II. 
II. 

IV. IL 

V. III. I. 
IV. IL 

I. 

VI. IV. II. 
I. 

VI. IV. II. 

VI. 



9378 

63-17 

X44'5 
16589 

18-98 

69-2 

97 
196-16 

I'O 

ii3'39 
126*56 

192-65 

55*9 

138*3 
206-47 

7-0 

23-96 

54-8 
199-76 

95*53 

58*6 

14-02 

1985 

15*963 
105-9 

30*958 
194-4 

39*04 

104-05 

85*3 
103-8 



7-06 

892 
654 



6-0 

2-1 

19-32 
i-o 
7-42 

4*95 

2I-0 
7-86 
6-16 

11-38 

*59 

175 
8-1 

13*55 
8-6 

8-9 
14-02 
21-0 

15*963 
11-8 

1-8 

21*5 
-87 

12-0 

1*5 
11-4 



149*3 — 
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Name. 


Symbol. 


Atomicity. Atc 


)Mic Weight. 


Sp. Gravity. 


Scandium 




Sc 


III. 


43*98 


— 


Selenion 




Se 


VI. IV. XL 


788 


4-5 


Silicon ... 




Si 


IV. 


283 


2*3 


Silver ... 




Ag 


I. 


107*67 


10-5 


Sodium ... 




Na 


I. 


2 2 '99 


•974 


Strontium 




Sr 


11. 


87-37 


2-54 


Sulphur . . . 




S 


VI. IV. II. 


31-98 


2*07 


Tantalum 




Ta 


V. 


182*14 


10-75 


Tellurium 




Te 


VI. IV. II. 


127*96 


6-5 


Thallium 




Tl 


III. I. 


203*7 


11*8 


Thorium 




Th 


IV. 


232*0 


7-8 


Tin 




Sn 


IV. II. 


II77 


7-29 


Titanium 




Ti 


IV. II. 


47*98 


5-3 


Tungsten 




T ^ 


1 






or 






\ VI. IV. 


183-6 


19*12 


Wolfram 




W , 


1 






Uranium 




U 


VI. 


238-48 


i8*4 


Vanadium 




V 


V. III. 


51-25 


5-5 


Ytterbium 




Yb 


III. 


172*7 




Yttrium . . . 




Y 


III. 


89*2 


— 


Zinc 




Zn 


11. 


64*9 


7-15 


Zirconium 




Zr 


IV. 


89-37 


4-1 


Those printed in 


italics 


are non-metals. 


The specific gravity 


of the gases are 


referred to hydrogen as unity. The remainder to 


water. 
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A TABLE OF THE EQUATIONS OF THE PBIN- 
CIPAL BEACTIONS WHICH TAEIE PLACE IN 
METALLUBaiCAL OPERATIONS. 



REACTIONS OF LEAD (Pb). 

Pb + = PbO. 
3 PbO + = Pb804. 
Pb804 = 3 PbO + 0. 
2 PbO + C = COa+2Pb. 
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Pbs04+2 C = 2 C0> + 3 Pb. 

PbC08=PbO + COa. 

3PbO>=Pb8 04 + Oa. 

Pb + S = PbS. 

PbS + Fe = FeS + Pb. 

PbS + 2 Oa = PbS04. 

2 PbS + 3 Oj = 2 PbO + 2 SO,. 

2 PbS + 7 = PbO + PbS04 + SO,. 

PbS04 + PbS = 2Pb + 2SO,. 

PbS + 2 PbO = 3Pb + SOa. 

PbS04 + Pb = 2 PbO + SO,. 

PbS04 + H, = H5,S04 + Pb. 

2 PbS04 + 7 Hj=2 Pb + SOa + SHa + 6 HgO. 

2PbS + 2 KN08=2 Pb + KjSO^ + SOj + N,. 

7PbS + 4Na,C08 = 4Pb + 3(PbS,Na,S) + Na,S04 + 4C02. 
2 PbO + SiOa=2 PbO, SiOa. 

2 PbO, SiOa + 2 Fe = 2 FeO, SiO,+ 2 Pb. 

3 Pb + 8 HN08 = 3 Pb(N08)8 + 4 HjO + NjOj. 
Pb O + 2 H NOg = Pb (NOg), + H, O. 

PbO + H,S04 = PbS04+H,0. 

Pb08 + SOa = PbS04. 

PbO» + 4HCl = PbCl,+ 2 HaO + Clj. 

2 PbOg+2 HaS04=2 PbS04 + 2 HgO + Oj. 

Pbs O4 + 4 H Cl= 2 Pb Clg + Pb O2+ 2 Ha O. 

Pb804 + 8 H Cl = 3 PbCls + Cl, + 4 H,0. 

Pb804+2 HaS04 = PbOj+2 PbS04 + 2 HjO. 

Pb804 + 4 HN08 = 2 Pb(N08)a + Pb08 + 2 H,0. 

Pb (N08), + 2 H CI = Pb CI, + 2 H NO,. 

PbS04 + 2 H CI = Pb CI, + Ha SO4. 

Pb CI, + Zn = Zn CI, + Pb. 



REACTIONS OF IRON (Fe). 

2 Fe + 3 = Fea08. 

3 Fe + 2 02 = Fe8 04. 
2FeO + = Fea08. 
3Fes08=2 Fe804 + 0. 
Fe2 08 + C = 3CO + 2 Fe. 
Fe804 + 4C = 4CO + 3Fe. 
Fe8 08 + 3 C0 = 3 00^+2 Fe. 
3 Fe + 4 H,0 = Fe804 + 4 H^. 
Fea08 + 3 0H, = 3 H,+ 2 Fe. 
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3 FeC08 = 2 COa + CO + Fes O4. 

Fe + SiOa + C = COj + FeSi. 

Fe + S = FeS. 

FeS + 2 Oa = FeS04. 

2 FeS + 7 = Fe2 08 + 2 SOg. 

FeSa + 3 Oj = Fe SO4 + SO,. 

2 Fe + 2 PbO, SiOa=2 Pb + 2 FeO, SiO,. 

FeS + CuaO + Si02 = FeO, SiOa + CujS. 

2 FeS + 2 CuO + Si08=2 FeO, SiOj + Cu S + S. 

Feg08 + SiOa=2 FeO, SiO^ + O. 

Fe + Cl2 = FeCla. 

2 Fe + sClj^FeaCle. 
Fe + 2 HCl = FeCl8. 

3 FeCl2 + 4 H20 = Fe8 04 + 6 HCl+Ha. 
Fe + SO4 Hj = Fe SO4 + H,. 

4 FeO, H20 + 02=2 Fe2 08 + 4 HgO. 
FeS + HjS04 = HjS + FeS04. 

FeS + 2 HCl^HjS + FeCla. 

Fes 08 + 6 HCl = Fe2Cl6 + 3 H2O. 

Fe2Cl« + H2S = 2 FeCla+2 HCl + S. 

FeaCl6 + 2 KI = 2 FeClg+2 KCl + Ij. 

2 Fej CI6 + 3 K4 Fe Cy6= 3 Fe Cy^, 2 FejCy6+ 12 K CI. 

6FeCl2+i4HCl + KgCr,07 = 3FeaCl6+2 KCl + CrjCl6 + 
7H2O. 

10 Fe Clj + 16 H CI + Kj Mng Oa = 5 Fe,, Cl« + 2 K CI + 
2 MnClj + S OHj. 

6 Fe SO4 + 7 Hj SO4 + Kj Cr, O7 = 3 Fej, (804)8 + Cr, (804)8 + 
Ka804+7 0H2. 

10 Fe 8O4 + 8 Hj 8O4 + Kj Mnj Oe = 5 Fea (804)8 + 2 Mn SO4 + 
KjS04 + 8 0H«. 



REACTIONS OF COPPER (Cu). 



2 Cu + = CU2 0. 
CUaO + = 2 CuO. 
CuO + Cu = CugO. 
CuO + C = CO + Cu. 
CuO + CO = CO, + Cu. 
CugO + C = CO + 2Cu. 
2Cu0 + C = C0 + Cu,0. 
CuO + H,=pCu + OH,. 
2 Cu + S»Cu,S. 



94 Appendix, 

CujS + s = CuS04 + CuO. 

CuS04 + Cu8S + Oa=2 SOj + Cu O + Cuj O. 

Cu SO4 + Fe = Fe SO4 + Cu. 

2 CuO + CujS = 4 Cu + SOa. 

CuS04 + CujS = 3 Cu + 2 SOj. 

2 CuaO + 2 FeS + Si08=2 FeO, SiOj4-2 CugS. 

4CuO + SiO,= 2 CuaO, SiO>+2 O. 

Cu + Clj = Cu Cla. 

Cu + Fcj Cl6= Cu C124- 2 Fe CI,. ^ 

Cu Clj + Cu = Cuj Cla. 

2 CuCl> = CuaCU + Cl>. 

CuO + 2 H CI = Cu Clj + OH,. 

Cu O + SO4 H, = SO4 Cu + OH,. 

2 Cu + 2 H CI = Cu, Cla + Hj. 

3 Cu + 8 HN08 = 3 (Cu 2 N0,) + 4 H,0 + N,0,. 
Cu + 2 SO4 H, = Cu SO4 + 2 OH, + SO,. 

4 CuO + 2 SnCl,= 2 Cu, O + Sn CI4 + Sn O,. 
Cu SO4 + 2 Na CI = Cu CI, + Na, SO4. 

Cu SO4 + Ba CI, = Ba SO4 + Cu CI,. 

Cu,0 + Fe,Cl«+2 HC1 = 2 CuCl,+ 2 FeCl,+ H,0. 

2 Cu CI, + Sn CI, = Cu, CI, + Sn CI4. 

2 Cu SO4 + 2 Fe SO4 = Cu, SO4 + Fe, (S04)s. 

2 CUSO4 + 4 KI = Cu,I,+ 2 K,S04 + l8. 



REACTIONS OF ZINC (Zn). 

Zn + = ZnO. 
ZnO + C = Zn + CO. 
Zn + CO, = ZnO + CO. 
ZnO + CO = Zn + CO,. 

Zn + S = ZnS. 

ZnS + 2 0, = ZnS04. 

ZnS + 3 = ZnO + SO,. 

Zn + HgS = ZnS + Hg. 

ZnS04+2 C = ZnS + 2 CO,. 

ZnS04 + 2 S = ZnS + 2 SO,. 

Zn SO4 + Ba CI, = Ba SO4 + Zn CIj^ 

ZnC08 = ZnO + CO,. 

Zn + CI, = Zn CI,. 

Zn+2 H CI = Zn CI, + H,. 

Zn + H, SO4 = Zn SO4 + H,. 
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Znl2 + AgaS04 = ZnS04 + 2 Agl. 
Zn + 2 Ag I = Zn Ij + 2 Ag. 
ZnS + Fe8Cl«=ZnCla+2 FeClj + S. 
Zn + PbCla = ZnClj + Pb. 



REACTIONS OF TIN (Sn). 

Sn + Oj = Sn Oj. 

SnOa + 2 C = Sn+2 CO. 

Sn + S = SnS. 

Sn08+2 KCy = Sn + 2 KCyO. 

Sn + HgClj = SnClj + Hg. 

Sn + 2 Clj = Sn CI4. 

SnCl4 + Sn=2 SnCla. 

2 SnCl8 + = Sn2 0Cla + Clj. 
Sn Cla + Clj = Sn CI4. 

Sn + 2 Hg Clj = Sn CI4 + 2 Hg. 

3 SnCl8 + 2 AuCl8 = 3 SnCU + Auj. 
Sn + 2 HCl = SnCl2 + Hj. 

Sn + 4 H N08= Sn OH, Oj + 4 NO, + OH,. 

2 Sn Cla + 2 Ag NOs = Sn CI4 + Sn Oj (NOa)j + Ag,. 

Sn Clj + Fes Cle = Sn CI4 + 2 Fe CI,. 



REACTIONS OF SILVER (Ag). 

2 Ag + S = AgjS. 

AgflS + 0a=2 Ag + SO,. 

Ag + Cl = AgCL 

AgCl + H = Ag + HCl. 

Ag8S + 2 H-2 Ag + HjS. 

AgN08 + H = Ag + HN0,. 

AgjS + 2 NaCl + 2 Oj=2 AgCl + NasS04. 

Ag2S + 2 CujS+y 08 = Ag2S04+2 CUSO4+2 CuO. 

4 AgCl+2 Na,C08 + C=-4 Ag + 4NaCl + 3 CO,. 

4 AgCl + 2 Fe = 2 FeCl2 + 4 Ag. 

4 AgCl + 2 CaO + C = 4 Ag + 2 CaClj+COj. 

4 AgCl + 2 H20 + C = 4 Ag + 4HC1 + C08. 

AgaS04=Ag2 + S02+08. 

Aga SO4 + C = Aga + SOa + COa- 

2 Ag+2 CuCl2=2 AgCl + CUaCla. 

2 Ag + FeaCl6=2 AgCl+2 FeCla. 
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2 Ag+2 HgCls=2 AgCl + HgsCls. 

Aga S + 2 Cu Clj= 2 Ag CI + Cua Cla + S. 

AgjS + 2 CuaClj = Agj+2 CuClj + CujS. 

AgaS + 2 Cu,Cl8 + 3 = 2 AgCl + CuCla + 3 CuO + S. 

2 AgCl + 2 Hg=HgaClg+2 Ag. 

2 Ag I + Zn = Zn la + 2 Ag, 

AgCl + KI = KCl + AgL 

Ag8S04 + Znl2 = ZnS04 + 2 Ag I. 

AgN08 + KCN = KN08 + AgCN. 

AgCN + HCl = AgCl + HCN. 

2 Ag+2 H,S04 = AgjS04 + SOa + 2 H,0. 

4 Ag + 6HN08 = 4 AgN08 + N,Os + 3 HgO. 

6 Ag + 8HN08 = 6 AgN08 + N2 0> + 4H,0. 

Aga SO4+ 2 Na CI = 2 Ag CI + Naa SO4. 

Aga SO4+ 2 H Cl= 2 Ag CI + HaS04. 

Ag NOs + Na CI = Ag CI + Na NOs. 

AgNOs + HCl^AgCl + HNOs. 



REACTIONS OF GOLD (Au). 

2 Au + 3 Cla = 2 Au Clg. 
AuCl8 + 3 H = Au + 3 HCl. 

2 Au Cla = AUa + 3 Cla. 

AUaS8 + 3 Oa = AUa + 3 SOj. 

AUaS8 + 3 Ci + 3 Oa=2 AuCl8 + 3 SOa. 

2 Aus As+ 18 Cl + 3 = 6 AuCla + AsjOg. 

2 AuCl8 + 3HaS08 + 3 0Ha = Aua + 3 HaS04 + 6 HCl 

2 Au Clj + 3 (Ha Ca 04) = Aua + 6 CO, + 6 H CI. 

2 Au Cl8 + 6 Fe Cla = Aua + 3 Fca Cl«. 

2 Au Clfi + 6 Fe SO4 = Aua + Fca Cle + 2 Fe, (804)8. 

2 AuCl8 + 3 CUaCla = AUa + 6 CuCla. 

2 AuCl8 + AsH8 + 3 HaO = Aua + As(HO)8 + 6 HCl. 

2 AuCl8 + SbH8 = Aua + SbCl8 + 3 HCl. 

2 AuCl8 + PH8 + 3HaO = Aua + P(HO)8 + 6HCl. 

2 Aua8 + 6 KI = AuaIa + 2 I, + 6 KCl. 

2 Au + 3 HNO8 + 9 HC1=2 AuCl8 + 3 NOCl + 6 H,0. 



REACTIONS OF MERCURY (Hg). 

Hg + = HgO. 
HgO-Hg+0. 
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HgS + 02 = Hg-f-S0a. 

HgS + Fe = FeS + Hg. 

Hg + Ag2S=HgS + 2 Ag. 

2 Hg+2 AgCl = Hg2Cl2+2 Ag. 

2 HgCl2+2 Ag = 2 AffCl + Hg^Cla. 

Hg2Cl2 + Cl2=2HgCl2. 

Hgg Cla + Sn CI2 = Hga + Sn CI4. 

Hga 012+2 KH0 = 2 Hg+2 KCl + + HaO. 

2 Hg CI2 + Sn Cla = Hg2 CI2 + Sn CI4. 

Hga SO4 + 2 Na CI = Naa SO4 + Hga Clg. 

HgO + 2 HCl = HgCl2 + HaO. 

4 HgS + 4 CaO = 4 Hg + 3 CaS + CaS04. 

4 HgS + 4 Ca(HO)2 = 4 Hg + 3 CaS + CaS04 + 4 HaO. 

Hg+2NaCl + Mn02+2H2S04=HgCl2 + Na2S04 + MnS04 + 2HaO. 

Hg SO4 + 2 Na CI = Naa SO4 + Hg Cl^. 

Hg + 2 Ha SO4 = Hg SO4 + 2 OH2 + SO2. 

2 Hg + 4 HN08=Hg2(N08)2 + N204 + 2 H^O. 

3 Hg + 8 H N08 = 3 (Hg 2N08) + 2 NO + 4 H2O. 
3Hg2Cl2 + 8HN08 = 3HgCl2 + 3Hg(N08)2+2NO + 4H2 0. 



REACTIONS OF NICKEL (Ni) AND COBALT (Co). 



Ni + = NiO. 
2NiO + = Ni2 08. 

N 
N 
N 
N 
N 
N 
N 
N 



O. 



+ H2 = Ni + H, 

+ S = NiS. 

+ 2 HCUNiCla + HaO. 

>08 + 3C = Ni2 + 3CO. 

(HO)2 = NiO + H2 0. 

2(HO)« = Ni2 08 + 3H2 0. 

+ H2S04 = NiS04+H2. 

SO4 + 2 K Cy = Ni Cya + K^ SO4. 
2 NiCya + NaClO + s OH2 = Ni2(HO)6 + NaCl + 4 H Cy. 
Co + = CoO. 
2 Co + O^CojOg. 
CoO + H2 = Co+H2 0. 
C02O8 + 3 H2=2 Co + 3 HgO. 
Co + S = CoS. 
Co(HO)2 = CoO + HaO. 
C0CI2 + 2 KHO = Co(HO)2+2 KCl. 
Co + H2 SO4 = Co SO4 + H2. 

H 
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C0SO4 + 2 KCy = CoCya + K,S04. 

2 CoCya + 8KCy + + H80 = KaCojCyi, + 2 KHO. 



REACTIONS OF MANGANESE (Mn). 

Mn08 + 4 HCl = MnCla + CIa + 2 HaO. 

MnO, + C2Hj04 + H,SOl = MnS04+2 CO2+2 HjO. 

Mn 08 + Ca Hj 04 = Mn O + 2 COa + Ha O. 

Mn Os + 2 Fe SO4 + 2 Ha SO4 = Fca (804)8 + Mn SO4 + 2 Ha O. 

MnOa + HaS04 = MnS04+HaO + 0. 

Mn8 04 + 8 HC1 = 3 MnCla + Cla + 4 H,0. 

Mn CI2 + Ca COs = Mn COg + Ca CI,. 

MnaKaOe + s H2S04=2 MnS04 + KaS04 + 3 HaO + 5 O. 

Mn2Ka08+i6 HC1 = 2 MnCl2+2 KCI + 5 Cla + 8 HaO. 



REACTIONS OF ANTIMONY (Sb). 

2Sb + 3 = Sba08. 

2 Sb + 3 OH2 = Sba08 + 3 Hj. 

2 Sba08 + 9 S = 2 Sb2S8 + 3 SO2. 

SbaS8 + 9 = Sba08 + 3 SOa. 

Sb2S8 + 3 Fe = 3 FeS + 2 Sb. ^ 

2 Sb + 3 S = Sba Ss. 

SbCl8 + Cl2=SbCl5. 

2 SbCl8 + 3 H2S = SbaS8 + 6 HCl. 

Sba Og + 3 Na^ Sa 08 = Sba Ss + Naa SO4. 

2 Sba 08 + 3 C = 4 Sb + 3 COj. 

2 Sba 08 + 6 KCy = 6 KCyO + 4Sb. 

2 SbaS8 + 6 KCy = 6 KCyS + 4 Sb. 

Sba Zna + 3 Ha SO4 = 3 Zn SO4 + 2 Sb Hg. 

SbH8 + 3AgN08 = SbAg8 + 3HN08. 

Sba 08+2 I2 + 2 HaO = Sba05 + 4 HI. 



REACTIONS OF ARSENIC (As). 

2 As + 3 O = ASa 08. 

ASa 08+ 12 H = 2 As Hg + 3 OHa. 

2 AS2O8+3 C= AS4 + 3 CO2. 

2 Asa08 + 6 KCy = 6 KCyO + 4 As. 

2 AsaS8 + 6 KCy = 6 KCyS + 4 As. 

AsSFca^As + FcaS. 

Asa Zn8 + 3 Ha S04= 2 As H8 + 3 Zn SO4. 

2 Au8As+i8 Cl = Asa08 + 6 AuCl8. 
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AsH8 + 6 AgNOs + s OH2 = AsH8 08 + 6 Ag + 6 HNOs. 
AS2O8 + 4CI+2 H20 = As2 06 + 4 HCl. 
AS2O8+2 I2+2 H2 = As2 05 + 4 HI. 

AS2O5+2 SO2+2 H20 = AS2 08+2 H2SO4. 



APPENDIX E. 

A SHORT DESCRIPTION OF THE PRINCIPAL 

ORES. 

TABLE OF HARDNESS. 

T.Talc. 2. Rock salt. 3. Calc-spar. 4. Fluor-spar. 5. Apatite. 
6. Felspar. 7. Quartz. 8. Topaz. 9. Sapphire. 10. Diamond. 



ORES OF LEAD (Pb). 

Native Lead occurs rarely in thin laminae, with the specific 
gravity 11*35. 

Galena (Pb S). — Occurs in lead-coloured lustrous cubes and 
dodecahedra, also massive, with quartz (Si O2), barytes (Ba SO4), 
blende (Zn S), and pyrites (Fe Sa), in limestone and clay slate, and 
contains, when pure, 86*6 per cent of lead and 13*4 per cent 
of sulphur. It has a hardness of 2*5, and sp. gr., from 7-25 to 77. 
Gives a lead grey streak when scratched with a knife, or when 
drawn along unglazed porcelain. 

Cerussite (Pb COg). — White lead, ore, or lead spar. Occurs in 
needle-shaped crystals of the trimetric or prismatic system, and 
also massive with limestone, and often associated with galena. It 
gives a colourless streak, has a hardness of 3 to 3*5, with sp. gr., 6*4, 
and contains, when pure, 77*5 per cent of lead. 

Anglesite^ or Lead Vitriol {Vh SO4). — Occurs in white octahedra 
and right rhombic prisms, often associated with galena and cerus- 
site, and, when pure, contains 68*3 per cent of lead. Sp. gr., 
6*25 to 6*3 ; hardness, 275 to 3. 

Pyromorphite (Pbg O12 P3 CI). — Lead phosphate. Brown or yel- 
low, with yellowish streak. It has sometimes a resinous lustre, 
and occurs in prismatic system. Composition various. A brown 
variety gave 74 per cent of lead oxide, 15*8 per cent of phos- 
phoric acid, and io'2 per cent of lead chloride. Sp. gr., 6*5 to 7 ; 
hardness, 3*5 to 4, 
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ORES OF COPPER (Cu). 

Native Copper is found in octahedral and cubical crystals, 
also massive, and often arborescent or filiform, or some- 
times in the form of loose sand; often contains silver, gives 
metallic streak, is ductile, and has a sp. gr. of 8*9, and hardness, 
2*5 to 3. 

Cuprite (CujO). — Red copper ore. Occurs in regular octa- 
hedrons, sometimes massive, has a deep red colour and streak. 
Contains, when pure, 8878 per cent of copper. Sp. gr., 6 ; 
hardness, 3*5 to 4. 

Tenorite (Cu O). — Black oxide. Occurs as dull black powder 
or mass, and, when pure, yields 79*8 per cent of copper, but 
usually contains 60 per cent to 70 per cent. Black streak. Sp. gr., 
5 to 5*6 ; hardness, 3 to 3*5. 

Copper Pyrites (Cuj S, Feg Sg). — Occurs in octahedral or tetra- 
hedral crystals. Brass-yellow colour ; streak unmetallic, greenish 
black, and but little shiny. When pure contains 34*8 per cent of 
copper, but usually 7 per cent or 8 per cent. Sp. gr., 4 '16; 
hardness, 3*5 to 4. Distinguished from iron pyrites in that it can 
be scratched with a knife. 

Copper Glance (CuaS). — Redruthite, or vitreous ore. Occurs 
sometimes in modified tetrahedrons. Colour, blackish (lead 
coloured); streak, steel grey. When pure contains 79*8 per cent 
of copper. Sp. gr., 5 to 5*5 ; hardness, 3 to 4. 

Blue Vitriol (Cu SO4, 5 OHj). — In rhomboidal prisms. Colour, 
sky blue; soluble in water. Sp. gr., 2*2 ; hardness, 2 to 2*5. 

Grey Copper Ore, — Fahl ore. Has a steel grey or iron black 
colour, with a black streak. Occurs massive and crystalline, and 
is very variable in composition, often containing Fe, Zn, Ag, As, 
Sb, Bi, and occasionally Au, Hg, and Pt. The copper ranges up 
to 48 per cent, and the silver up to 30 per cent. Sp. gr., about 5; 
hardness, 3 to 4. 

Malachite (Cu COs, Cu O, Ha O). — Green carbonate. Usually 
occurs as incrustations, with stalactitic surface. Colour and streak, 
pale green. Contains, when pure, 57 per cent of copper. Sp. gr., 
4; hardness, 3*5 to 4. 

Azurite (2 Cu COs, CuHaOa). — Blue carbonate. Occurs in 
modified oblique rhombic prisms. Colour and streak, blue. Yields, 
when pure, 55 per cent Cu. Sp. gr., 3*5 ; hardness, 4. 

Chrysocolla (Cu O, Si Oa, 2 OHa). — Silicate of copper. Occurs 
usually as incrustations. Bright green or bluish green colour. 
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Sp. gr., 2 to 2*3 ; hardness, 2 to 3. One sample gave, on analysis, 
42-6 of Cu O, 40 Si O2, 16 OHa, and i '4 Fe2 Os. Average amount 
of Cu, 30 per cent. 

ORES OF IRON (Fe). 

Native Iron occurs in meteors with nickel and cobalt ; crys- 
tallises in regular octahedrons. Sp. gr., 7*5 to 7*8; hardness, 4*5. 

Magnetite (Feg O4). — Magnetic iron ore, or lodestone. Occurs 
both massive and also in cubes, octahedra and rhombic dode- 
cahedra. Black, with black streak. Magnetic, that is can be 
attracted by a magnet, and sometimes will attract iron, when it 
will often exhibit polarity. Contains, when pure, 72*41 per cent 
of iron. Sp. gr., 5 ; hardness, 5*5 to 6*5, and is not scratched 
with a knife. 

Franklinite, — Similar to magnetite, and slightly attracted by a 
magnet. Occurs in octahedral crystals^ and also massive. Iron 
black in colour, dark reddish brown streak. Sp. gr., 4*8 to 5 ; 
hardness, 5*5 to 6. One analysis gave 41*56 per cent Fe, 9*38 Mn, 
and 20*3 Zn. Smelted for spiegeleisen. 

Hematite (Fea Og). — Called specular iron ore when crystalline. 
The crystals are rhombohedral, have metallic lustre, dark steel 
grey colour, and give a cherry red or reddish brown streak. 
Occurs also massive, as kidney ore, puddler's ore, and red ochre. 
The last mentioned earthy varieties are soft, and red in colour. 
When pure it contains 70 per cent Fe, has sp. gr. of 4*5 to 5*3, 
and hardness of crystals 5 '5 to 6*5. 

Brown Hematite (2 FejOs, 3 OHj). — Usually massive, and 
often with a stalactitic surface, having a compact fibrous structure 
within. Colour, dark brown to yellow ; streak, brownish yellow ; 
sp. gr., 3*6 to 4 \ hardness, 4 to 5 ; earthy varieties, brown ochre, 
yellow ochre, bog iron ore, or limonite, and lake ore. Goihite 
(Fea Og, OHa) and Turgite are richer types of the same class, 
containing only about half as much water. Sp. gr., 4 to 4*2 ; 
hardness, 5. 

Siderite (FeaCOg). — Spathic ore in the pure form as hexagonal 
crystals, which contain 48*27 per cent Fe. Colour, light grey to 
brown, with white streak; sp. gr., 3*7 to 3*9; hardness, 3 to 4. 
Clay ironstone is an argillaceous variety, brown in colour, with a 
yellowish streak, and is often impregnated with bituminous matter, 
when it is known as black band, 

Ilmenite (Fea Og, Fe O, Ti Oa). — An oxide of iron containing 
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oxide of titanium; rhombic. Colour, iron black; streak, metallic; 
slightly magnetic; sp. gr., 4-5 to 5 ; hardness, 5 to 6. 

Chrome Iron Ore (Fe O, Cra Og). — Ferrous oxide and chromium 
sesquioxide, with about 10 per cent alumina and 7 per cent of 
magnesia. Monometric, usually massive; colour, black or brownish 
black, with dark brown streak; slightly magnetic; sp. gr., 4 to 4*5; 
hardness, 5*5. 

Iron Pyrites (Fe Sj). — Mundic. Monometric ; occurs in cubes 
and also massive ; colour, bronze or brass yellow, with metallic 
lustre and brownish black streak ; contains 467 per cent of Fe 
and 53*3 per cent of S; sp. gr., 47 to 5; hardness, 6 to 6*5; 
sparks with steel, and will scratch glass. 

Magnetic Pyrites (Fej Sg). — Hexagonal prisms and massive ; 
colour, between bronze yellow and copper red ; streak, greyish 
black; slightly magnetic; sp. gr., 47 ; hardness, 3*5 to 4*5. This 
and the last mentioned are not used as ores of iron. 



ORES OF TIN (Sn). 

Cassiterite (Sn Og). — Tinstone. Dimetric in modified square 
prisms and octahedrons, also massive, or in grains as stream tin. 
Colour, brown or black; streak, pale grey to brown ; contains 78*4 
per cent of tin; sp. gr., 6*5 to 7; hardness, 6 to 7. Sometimes 
occurs in reniform shapes, with concentric radiated structure, and 
called wood tin. Toad's eye tin is the same on a small scale. 

Tin Pyrites^ or bell metal ore, is a sulphide of tin and iron 
containing copper. Cubic system. Yellow-grey colour, with 
metallic lustre and black streak ; sp. gr., 4-3 ; hardness, 4. 



ORES OF ZINC (Zn). 

Blende (Zn S). — Black Jack. Monometric ; occurs in dode- 
cahedrons, octahedrons, and allied forms ; also massive, occasion- 
ally fibrous ; colour, yellow, green, red, and black ; streak, white to 
reddish brown ; when pure contains 667 per cent of zinc ; sp. gr., 
4 ; hardness, 3*5 to 4. 

Zincite (Zn O). — Red zinc ore. Trimetric ; in foliated masses, 
or in disseminated grains ; colour, red; streak, orange -yellow; 
brilliant lustre ; contains usually about 70 per cent of zinc and 4 
per cent of manganese; sp. gr., 5*5, and hardness, 4 to 4*5. It 
occurs usually with franklinite. 

Calamine (ZnCOs). — Rhombohedral, massive, reniform, and 
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stalactitic ; colour when pure, white, with pearly or vitreous lustre, 
with white streak, but usually brown in colour and streak, due to 
Fea Os. Contains, when pure, 5 2 per cent of Zn, often contains Cd, 
and usually associated with blende and galena; sp. gr., 4*3 to 4*5 ; 
hardness, 5. 

Electric Calamine (Zua Si O4, OHg). — Silicate of zinc Tri- 
metric, modified prisms, and massive; colour, white, but often 
tinted with blue, green, or brown, with a vitreous or pearly lustre ; 
streak, white, and becomes electrified when heated ; contains, 
when pure, 53 per cent of Zn and 7 per cent of water; sp. gr., 3*4 ; 
hardness, 4*5 to 5. 

Willemite (Zua Si O4) is an anhydrous variety of the above ; 
colour and streak, yellow; sp. gr., 4 ; hardness, 5 to 5*5. 



ORES OF MERCURY (Hg). 

Native Mercury usually contains silver, and often gold, and is 
found in fluid globules throughout the gangue, but it sometimes 
accumulates in cavities in sufficient quantity to be removed in 
pails. It becomes solid, and crystallises in octahedrons at a 
temperature of - 39" F. It has a sp. gr. of 13*6. 

Native Amalgam is a compound of Hg and Ag, containing 
about 70 per cent of Hg and 30 per cent of Ag ; occurring in silver ; 
white dodecahedrons; sp. gr., 12; hardness, 2. 

Cinnabar (Hg S). — Mercury sulphide. Rhombohedral prisms, 
also massive and earthy ; colour, bright red to brownish red ; 
streak, bright red; contains, when pure, 86*2 per cent of Hg and 
i3'8 per cent of sulphur, and is readily sectile; sp. gr., 7 to 8; 
hardness, 2 to 2*5. Liver ore^ or hepatic cinnabar^ contains 
bituminous matter and clay, and has a brown streak. 

Horn Quicksilver (Hga CI2) occurs with cinnabar, and is of a 
yellow-grey colour and streak ; it contains 85 per cent of Hg when 
pure ; sp. gr., 6*5 ; hardness, i to 2. 



ORES OF NICKEL (Ni). 

Arsenical Nickel (N'l As^), — Hexagonal, usually massive, pale 
copper red colour, and reddish brown streak. Composition, Ni . 
44 per cent. As 55 per cent, a portion of the arsenic being some- 
times replaced by antimony. Sometimes called copper nickel or 
false copper, from its resemblance to that metal. Sp. gr., 7*5; 
hardness, 5 to 5*5. 
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White Nickel^ Flacodine^ Amorbite^ and Nickel glance^ are 
varieties of this ore. White nickel contains 20 to 28 per cent of 
nickel; 70 to 72 per cent of As. Placodine, 57 per cent Ni, and 
has a bright yellow colour. Nickel glance, 30 per cent Ni, 40 per 
cent As, and 20 per cent S. Colour, silver white to steel grey. 
Amorbite contains 40 per cent Ni, and about 14 per cent of S. 

Nickel Stibine contains about 26 per cent of Ni, with varying 
quantities of Sb and S, and is of a steel grey colour ; sp. gr., 6*5 ; 
hardness, 5 to 5*5. Antimonial nickel contains 29 per cent of 
Ni, with varying quantities of Sb, but no S ; its colour is pale 
copper red ; sp. gr., 7 '5 ; hardness, 5. 

Nickel Pyrites^ or Capillary Pyrites (Ni S), contains about 64 
per cent of Ni, and often occurs in strings or threads, hence its 
name; brass-yellow colour; hardness, 3 to 3*5. 

Green Nickel Hydrate occurs generally in the stalactitic form 
and has a bright emerald green colour; contains about 38 per 
cent of water ; sp. gr., 3 ; hardness, 3. 

Nickel occurs alloyed with Fe in meteors. The proportion of 
Ni is sometimes as high as 15 per cent, but more usually 8 or 10 
per cent 

ORES OP COBALT (Co). 

Smaltine (Co Asj). — Monometric ; occurs in cubes, also 
massive; colour, tin white to steel grey; streak, greyish black; 
composition varies from 18 per cent Co and 79 per cent As to 24 
per cent Co and 69 per cent As; sp. gr., 6*5 to 7 ; hardness, 5*5. 

Cobalt Oxide occurs as a black or blue earthy mineral, con- 
taining Co O and Muj Og, and frequently Ni, Fe, and Cu. 

Cobalt Bloom is an arsenate and occurs both crystalline and 
as an incrustation ; colour, crimson red ; streak, slightly paler. 
One analysis gave Co O 39*2 per cent, AsgOs 37*9 per cent, and 
OHa 22*9 per cent; sp. gr., 3; hardness, 1*5 to 2. 



ORES OP ARSENIC (As). 

Native Arsenic. — Rhombohedral ; also massive and granular; 
colour and streak, tin white ; brittle ; occurs with lead ores ; 
sp- gr-, 575 ; hardness, 3-5. 

White Arsenic (Asa Og). — Occurs in minute capillary crystals ; 
sp. gr., 37 ; hardness, 1*5. 

Orpiment (Asg Sg). — Occurs in foliated masses, and occasionally 
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in prismatic crystals; colour and streak, fine yellow; sp. gr., 3*4; 
hardness, 1*5 to 2. 

Realgar (Asa S2). — In oblique prisms, and also massive ; colour, 
red to orange; streak, orange; sp. gr., 3*5 ; hardness, 1*5 to 2. 
Arsenic also occurs with Ni, in arsenical nickel, &a, and with 
cobalt in smaltine, &c. 

ORES OF ANTIMONY (Sb), 

Native Antimony, — Rhombohedral ; usually massive ; colour 
and streak, tin white ; occurs with Ag and Pb ores, and contains 
those metals as well as Fe ; sp. gr., 67 ; hardness, 3*5. 

Stibnite (SbaSg). — Grey antimony ore; trimetric, commonly 
fibrous ; colour and streak, lead grey ; is brittle, and has metallic 
lustre ; occurs with Ag, Pb, and Zn ores; sp. gr., 4*5 ; hardness, 2. 
Several sulphides of antimony and lead are known as Jamesonite ; 
steel grey colour; composition, 35 per cent Sb, 41 per cent Pb, 
24 per cent S. Feather ore; finely capillary, lead grey colour; 
composition, 31 per cent Sb, 47 per cent Pb; 2a per cent S. 
Boulangente ; lead grey colour, with 25 per cent Sb, 55 per cent 
Pb, and 20 per cent S; sp. gr., 6; hardness, 2*5. And Geocronite ; 
light grey colour ; composition, 14 per cent Sb, 69 per cent Pb, 
16 per cent S, and frequently As ; sp. gr., 6 ; hardness, 2*5. 

Red Antimony is a mixture of sulphide and oxide of Sb, of a 
cherry red colour, and gives a brownish red streak ; sp. gr., 4*5 ; 
hardness, i to 1*5. 

White Antimony (Sbj Og). — Occurs in grey rectangular crystals ; 
sp* gr., 5*6 ; hardness, 2*5 to 3. 



ORES OF BISMUTH (Bi). 

Native Bismuth, — Monometric; occurs in cubes or octahedrons, 
but usually massive. Colour and streak white, with slight tinge of 
red. Generally pure Bi, but occasionally a trace of As. It occurs 
with ores of Sb, Co, and Pb. Sp. gr., 97 to 9-9 ; hardness, 2 to 2*5. 

Bismuth Sulphide (Big Sg). — Bismuth glance. Lead grey colour 
and streak. Sp. gr., 6*5 ; hardness, 2*5. 

Bismutite is a carbonate of Bi. Colour, greenish yellow. Sp. 
gr., 6*8; hardness, 4 to 4*5. Bismuth ochre is also a carbonate, 
occurring massive and earthy. Colour, pale yellow or green. Sp. 
gr., 5 to 6 ; hardness, 2 to 2*5. 

Bismuth Blende is a silicate of Bi. Colour, d^rk brown or 
yellow. Sp. gr., 6; hardness, 3*5. 
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ORES OF SILVER (Ag). 

Native Silver, — Monometric in octahedrons ; often occurs as 
filiform threads, having a crystalline character. Colour and streak, 
white and metallic. Malleable. It usually contains Cu, and 
occasionally Au. Sp. gr., 10-5 ; hardness, 2*5 to 3. Ag is always 
present to some extent in native Au. 

Silver Glance (AggS), or Silver Sulphide, — Occurs in mono- 
metric forms as cubes or octahedrons, also reticulated and massive. 
It has metallic lustre, and a lead grey colour and streak. Con- 
tains, when pure, 87 per cent of Ag, but usually some of the Ag 
is replaced by Pb, Cu, Sb, &c. Sp. gr., 7*2 to 7*4 ; hardness, 2*25. 
Stromeyerite is a steel grey sulphide of Ag and Cu, with 52 per 
cent of Ag. Sp. gr., 6*25. Sternbergite^ a sulphide of Ag and 
Fe, with 33 per cent of Ag. 

Stephanite (5 AgjS, SbaSg), or Brittle Sih^er Ore, — Is a double 
sulphide of Ag and Sb. Occurs in the trimetric system as modified 
right rhombic prisms, also massive. Metallic lustre, with black or 
iron grey colour and streak. It contains about 70 per cent of Ag, 
and usually about 14 per cent of Sb, with traces of Cu. Sp. gr., 
6*27; hardness, 2*25. Polybasite same as last, but in addition 
contains As, 64 per cent of Ag. Margyrite has a dark cherry red 
streak, but its colour is iron black. Contains about 37 per cent of 
Ag. Red silver ore^ rhombohedral, streak red. Contains about 60 
per cent of Ag, with Sb and As. Sp. gr., 55; hardness, 2 to 2*5. 

Horn Silver (Ag CI). — Monometric ; in cubes, and also massive. 
Colour, grey to bluish green, and has the appearance of horn or wax. 
Streak, shiny ; semi-metallic ; can be cut with a knife. Contains, 
when pure, 75*25 per cent of Ag. Sp. gr., 5*5 ; hardness, i to 1*5. 

Bromargyrite (Ag Br). — Is yellow, soft, and sectile. Sp. gr., 5 
to 6. Contains 58 per cent of Ag. lodargyrite (Ag I), yellow, 
soft, and sectile. Sp. gr., 5*3 to 6 ; hardness, i to 1*5. Contains 
46 per cent of Ag. 

Telluric Silver. — Steel grey colour. Contains 62 per cent of 
Ag and 36 Te. Sp. gr., 8-5. 

Silver is also obtained from argentiferous galena, and firom 
fahl ore, described under the head of copper ores. 



ORES OF GOLD (Au). 

Gold occurs chiefly native, either pure or alloyed, with Ag,Cu,&c 

Native Gold, — Monometric, in cubes, and also in grains. 

Sometimes filiform or reticulated. Colour, various shades of 
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yellow. It is both ductile and malleable. An analysis of native 
Au from Russia gave 98*96 per cent of Au, '16 per cent of Ag, 
•35 per cent of Cu, '05 per cent of Fe, and had the sp. gr. of i9'i. 
The sp. gr. of native Au varies from 12 to 20 ; hardness, 2*5 to 3. 
Colour and sp. gr. vary according to the alloys. Ag often present 
as high as 25 per cent. 

Nagyagite, a native telluride of Au and Pb, is soft, with a lead 

grey colour and streak. Contains about 50 per cent of Pb, 30 per 

cent of Te, 10 per cent of Au, and small quantities of Ag and Cu. 

Auroiellurite and Graphic Tellurium^ are two minerals con- 

' taining Au and Te. 

Native Platinum is found in flattened or rounded grains, of a 
steel grey colour and streak, and metallic lustre. It usually contains 
the rare metals, iridium (Ir), rhodium (Rh), palladium (Pd), and 
osmium (Os), and also Cu and Fe. It contains from 70 percent to 
85 per cent of Pt, is ductile, and malleable. Sp. gr., 16 to 20; 
hardness, 4 to 4*5. 



APPENDIX F. 
TABLE OF FACTORS OR CO-EFFICIENTS. 

To Use the Table, — Multiply the weight of the substance found 
by the co-efficie^nt, and the product gives the weight of the body 
sought, from which the percentage may be readily calculated. 
Example: If a precipitate of Ba SO4 weighs 1*538 grs., then 
1*538 X •i3734 = '2ii22892, which is the weight of S in grs. in 
that quantity of ppt. 

The co-efficient is found by dividing the molecular weight 
into the atomic weight of the element sought, or, in the case of a 
compound body, into the sum of its atomic weights. 

Element. Found. Co-efficient. Sought. 

Ag 



AgCl 


•75174 


Ag 


Ag 


1-328 


AgCl 


Agl 


•8025 


Ag 


AgCl 


•24738 


CI 


AgCl 


•4091 


NaCl 


AgBr 


•4256 


Br 


AgCl 


•2542 


HCl 


Agl 


•5405 


I 


AgCy 


•1941 


CN 


AgCy 


•^ois 


Ag 



io8 Appendix. 



Element. 


Found 


Co-efficient. 


Sought. 




AgCl 


1-1847 


AgNO, 




AgCl 


•521 


KCl 


Al 


MOa 


•5334 


Al 


Ba 


BaSO* 


•13734 


S 




BaSO* 


•4215 


SO4H, 




BaS04 


•2578 


FeS, 




BaS04 


•6096 


Na^SO. 




BaS04 


•5844 


CaSOi 




BaS04 


•5878 


Ba 




BaS04 


•8455 


BaCO, 




BaS04 


•8927 


BaCl, 




BaS04 


I*I202 


Ba 2 NOa 




BaS04 


•34335 


SO, 




BaSO* 


•412 


SO4 




BaSO* 


•691 


ZnSOi 




BaCOs 


•22312 


CO. 


Ca 


CaS04 


•2353 


S 




CaS04 


•4II7 


CaO 




CaS04 


•2941 


Ca 




CaS04 


•7353 


CaCOs 




CaCOs 


•56 


CaO 




CaCOs 


•4 


Ca 




CaCOs 


•44 


CO. 




CaCOa 


1-36 


CaSO« 




CaO 


7143 


Ca 


Cr 


Cr.Os 


•6847 


Cr 


Co 


CoO 


•7861 


Co 




Co 


1-2731 


CoO 




C0SO4 


•38 


Co 


Cu 


CuO 


•79873 


Cu 




Cu,S 


•79873 


Cu 


Fe 


Fe^Os 


•7 


Fe 




Fe, Os 


•9 


FeO 




Fe 


1-2142 


FeO 




Fe 


1-429 


Fe.O. 




FeO 


7778 


Fe 


H 


H,0 


-88889 





K 


K,PtCl« 


•1603 


K 




KaPtCU 


•30615 


KCl 


Mg 


MgO 


•6 


Mg 


* 


MgS04 


^•i333 


CaSOi 




Mg,Pa07 


•2162 


Mg 
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Element. 


Found. < 


CO-EFFICIENT. 


Sought. 




Mga Pa O7 


•3603 


MgO 




Mg,P,07 


•2793 


P 




MgaP.O^ 


•63964 


Ps05 




MgCl, 


1-424 


Mg 2 NOs 




MgCl, 


1*2315 


NaCl 


Mn 


Mn8 04 


•7205 


Mn 




MngO^ 


•9301 


MnO 




MngO* 


1*1397 


MnOa 




MnS04 


•3642 


Mn 




MnSO^ 


•4702 


MnO 


Mo 


Molybdate pp'ate 


•0372 


P2O5 




Molybdate pp'ate 


•0163 


P 


Na 


NaCl 


•6068 


CI 




NaCl 


•3938 


Na 




NaCl 


1*2735 


KCl 


Ni 


NiO 


•78387 


Ni 




NiS04 


•3766 


Ni 




Ni 


1-2758 


NiO 




NiS04 


•4805 


NiO 


P 


P2O5 


•43662 


P 


Pb 


PbS 


•8671 


Pb 




Pb 


1*1573 


PbS 




PbSO* 


•6824 


Pb 




Pb Cr O4 


•64031 


Pb 




Pb Cr O4 


•7395 


PbS 




PbO 


•92825 


Pb 




Pb 


10775 


PbO 


Pt 


PtCl4(NH4Cl)2 


•076577 


NHs 




Pt CI4 (NH4 Cl)2 


•24099 


NH4CI 




Pt CI4 (NH4 Cl)a 


•063063 


N 




PtCl4(NH4Cl)a 


•43916 1 


Pt 


Sb 


SbaSs 


7143 


Sb 




SbaO, 


•8357 


Sb 




Sb,04 


•7922 


Sb 


Si 


SiOa 


•4666 


Si 


Sn 


SnOa 


•7867 


Sn 




SnOa 


17333 


SnCl4 


Ti 


TiOa 


•5102 


Ti 


Zn 


ZnO 


•80247 


Zn 




ZnO 


1-679 


ZnCl 




ZnCOs 


•52 


Zn 




ZnS 


•67031 


Zn 



no 
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APPENDIX G. 



A TABLE 



SHOWING THE AMOUNT OF GOLD OR SILVER PER 

TON OF ORE, &c., FROM THE WEIGHT OF 

BUTTON FROM 300 GRS. 



grs. of ore, or 


One ton of ore, or 


300 grs. of ore, or 
alloy, gives of 


One ton of ore, or 


alloy, gives of 


alloy, will give 


alloy, will give 


fine metal in grs. 


ozs. dwts.grs. 


fine m«tal in grs. 


ozs. dwts.grs. 


•001 


024 


•034 


3 14 


•002 


048 


•035 


3 16 4 


•003 


6 13 


•036 


3 i« 9 


•004 


8 17 


•037 


4 14 


•005 


10 2£ 


•038 


4 2 19 


•006 


13 I 


•039 


4 4 23 


•007 


15 5 


•040 


4 7 3 


•008 


17 10 


•041 


4 9 7 


•009 


19 14 


•042 


4 II IT 


•010 


I I 18 


•043 


4 13 15 


•Oil 


I 3 23 


•044 


4 15 20 


•012 


163 


•045 


4 18 


•013 


187 


•046 


504 


•014 


I 10 II 


•047 


528 


•015 


I 12 16 


•048 


5 4 12 


•016 


I 14 20 


•049 


5 6 17 


017 


I 17 


•050 


5 8 21 


•018 


I 19 5 


•051 


5 II I 


•019 


219 


•052 


5 13 5 


•020 


2 3 13 


•053 


5 15 10 


021 


2 5 17 


•054 


5 17 14 


•022 


2 7 21 


•055 


5 19 18 


•023 


2 10 2 


•056 


6 I 23 


•024 


2 12 6 


•057 


643 


•025 


2 14 10 


•058 


667 


•026 


2 16 14 


•059 


6 8 II 


•027 


2 18 18 


•060 


6 10 15 


•028 


3 23 


•061 


6 12 20 


•029 


3 3 3 


•062 


6 15 


•030 


3 5 7 


•063 


6 17 4 


•031 


3 7" 


•064 


6 19 9 


•032 


3 9 15 


•065 


7 I 13 


•033 


3 II 20 


•066 


7 3 17 
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300 grs. of ore, or 

alloy, gives of 
fine metal in grs. 

•067 

•068 

•069 

•070 

•071 

•072 

•073 
•074 

•075 
•076 

•077 

•078 

•079 

•080 

•c8i 
-082 
•083 
•084 
•085 
•086 
•087 
•088 
•089 
•090 
•091 
•092 

•093 
•094 

•095 
096 

•097 

•098 

•099 

•100 

•110 

•120 

•130 

'140 

•160 

•170 



One ton of ore, or 
alloy, will give 
ozs. dwts.grs. 



5 
8 



8 
8 
8 
8 
8 
8 



9 
9 
9 
9 
9 
9 
9 

9 

10 

10 
10 
10 
10 
10 
10 
10 



13 
14 

16 

17 

18 



21 
2 

10 6 
12 II 

14 15 
16 19 

18 23 
I 3 



4 
6 



I 

3 
4 
6 

8 
10 



7 
12 

16 

20 

I 

5 
9 



3 

5 

7 

9 
12 

8 14 

8 16 

8 18 13 

9 o 18 

2 

5 

7 

9 
II 

13 

16 

18 
o 
2 



9 
II 

10 17 19 

11 19 13 



22 

3 

7 

II 

20 
o 

4 
8 

12 

17 
21 

I 

5 
10 

14 



8 

3 
21 

8 

II 

5 



300 grs. of ore, or 


One ton of ore, or 


alloy, gives of 


alloy, Mrill give 


fine metal in grs. 


ozs. 


dwts.grs. 


•180 


19 


12 


•190 


20 


13 19 


•200 


21 


15 14 


•210 


22 


17 9 


•220 


23 


19 3 


•230 


25 


22 


•240 


26 


2 16 


•250 


27 


4 II 


•260 


28 


6 6 


•270 


29 


8 


•280 


30 


9 19 


•290 


31 


II 13 


•300 


32 


13 8 


•310 


33 


15 3 


•320 


34 


16 22 


•330 


35 


18 16 


•340 


37 


II 


•350 


l^ 


2 5 


•360 


39 


4 


•370 


40 


5 19 


•380 


41 


7 14 


•390 


42 


9 8 


•400 


43 


" 3 


•410 


44 


12 22 


•420 


45 


14 16 


•430 


46 


16 II 


•440 


47 


18 s 


•450 


49 





•460 


50 


I 19 


•470 


51 


3 14 


•480 


52 


5 8 


•490 


53 


7 3 


•500 


54 


8 21 


•520 


56 


12 12 


•540 


58 


16 


•560 


60 


19 13 


•580 


63 


3 3 


•600 


65 


6 16 


•620 


67 


^0 5 


•640 


69 


13 18 


•660 


71 


17 8 
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300 grs. of ore, or 


One ton of ore 


;, or 


300 grs. of ore, or 


One ton of ore, or 


alloy, gives of 


alloy, will give 


alloy, gives of 


alloy, will give 


fine metal in grs. 


02s. 


dwts. 


grs. 


fine metal in grs. 


ozs. 


dwts grs. 


•680 


74 





22 


40*000 


• 4,355 


II 2 


•700 


76 


4 


10 


50*000 


. 5»444 


8 21 


•720 


78 


8 





60'000 


• 6,533 


6 16 


•740 


80 


II 


14 


70*000 


7,622 


4 II 


•760 


82 


15 


4 


80*000 


8,910 


22 4 


•780 


84 


18 


16 


90*000 


9,800 





•800 


86 


22 


6 


100*000 


. 10,888 


17 18 


•820 


89 


5 


20 


iro*ooo 


• 11,977 


15 13 


•840 


91 


9 


8 


120000 


. 13,066 


13 8 


•860 


93 


12 


22 


130*000 


• 14,155 


II 3 


•880 


95 


16 


II 


140*000 


. 15,244 


8 22 


•900 


98 








150*000 


. 16,333 


6 16 


•920 


100 


3 


14 


160*000 


. 17,422 


4 8 


•940 


102 


7 


4 


170*000 


. 18,511 


2 5 


•960 


104 


10 


16 


180*000 


19,600 





•980 


106 


14 


5 


190*000 


.. 20,688 


17 19 


I '000 


108 


17 


18 


200*000 


• 21,777 


15 12 


2 -000 


217 


15 


12 


210*000 


.. 22,866 


13 7 


3 '000 


326 


13 


8 


2 20*000 


• 23,955 


II 2 


4 '000 


435 


II 





230*000 


■ . 25,044 


8 20 


5-000 


544 


8 


21 


240*000 


. 26,133 


6 16 


6'ooo 


653 


6 


r6 


250*000 


.. 27,222 


4 9 


7*ooo 


762 


4 


II 


260*000 


. 28,310 


22 6 


8'ooo 


870 


22 





270*000 


.. 29,400 





9'ooo 


980 








280*000 


.- 30,488 


17 20 


1 0*000 


1,088 


17 


19 


290*000 


.. 31,577 


15 13 


20*000 


... 2,177 


15 


13 


300*000 


.. 32,666 


13 8 


30*000 


3,266 


13 


8 
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AiCH metal, 48 

Alloys, 45, 72 

Amorbite, 104 

Anglesite, 99 

Anthracite, 2, 11, 12, 40, 41, 60 

Antimonial nickel, 104 

Antimony, 22, 48, 67, 105 

Antimony sulphide, 22, 105 

Arsenic, 46, 49, 104 

Arsenical nickel, 103 

Arsenide of iron, 49 

Ash of coal, 41, 51 

Assay table, 1 10 

Atomic weights, table of, 89 

Augustin's process, 57 

Aurotellurite, 107 

Azurite, 100 

Barytes, 3 

Bell metal, 47 

Bismuth blende, 105 

Bismuth sulphide, 105 

Bismutite, 105 

Black band, loi 

Blue metal, 17, 19, 20 

Blue vitriol, 100 

Borax, 2, 3, 49i 68, 73, 75 

Boulangerite, 105 

Brasqued crucibles, 4, 42, 44, 60, 61 

Brass, 47, 49 

Britannia metal, 47 

Bromargyrite, 106 

Bronze, 47, 80 

Brown hematite, loi 

Bullion, 68 

Burette, 75, ^^, 83, 85, 86 

Calamine, 102 
Calorific power, 53, 54 
Calorimeter, 54 
Capillary pyrites, 104 
Cassiterite, I02 
Cast iron, 36 



Cast steel, 36 

Cerussite, 99 

Charcoal, 2, 40 

China-clay, 2, 3, 60, 61 

Chrome iron ore, 102 

ChrysocoUa, 100 

Cinnabar, 61, 62, 103 

Claudet's method, 64 

Clay ironstone, 59, loi 

Coarse metal, 17, 19 

Cobalt bloom, 104 

Cobalt oxide, 104 

Coke, 40, 41, 51 

Coking of coals, 51 

Cold short iron, 36, 87 

Common salt, 2, 3, 64, 65, 71, %^ 

Copper, 10, 16, 24, 29, 31, 33, 35, 

47, 66, 68, 72, 75, 77, 79 
Copper glance, 100 
Copper p)rrites, 100 
Comet, 70, 71 
Cornet crucible, 70 
Cornish crucibles, 4 
Crucibles, 3, 4, 42, 44, 60, 87 
Cupels, 4, 27, 29, 30, 59, 66, 69, 71, 

81, 88 
Cupric oxide, 10, 14, 16, 37 
Cuprite, 100 

Cuprous oxkle, 2, 14, 16, 37 
Cuprous sulphide, 17, 18, 39 

Desulphurising agents, i, 2 

Electric calamine, 103 
Equations, table of, 91 

Feather ore, 104 
Fireclay, 3, 4, 42, 44 
Fluor-spar, 2, 3 
Fluxes, I, 2 
Franklinite, loi 
Fritting, 37 
Fuel, 40, 51, 53 
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Galena, 21, 24, 58, 59, 99 


Native gold, 106 


Gangue, I, 26, 27 


Native iron, loi 


Geocronite, 105 


Native lead, 99 


German silver, 48 


Native mercury, 103 


Glass, 2, 3, 13 


Native platinum, 107 


Gold, 31, 48, 69, 71, 106 


Native silver, 106 


Gothite, loi 


Nickel bronze coinage, 48 


Graphic tellurium, 107 


Nickel glance, 104 


Green nickel hydrate, 104 


Nickel pyrites, 104 


Grey copper ore, 72, 74, 100 


Nickel speiss, 49 




Nickel stibine, 104 



^ 



Hematite, 12, 13, 44, 60, 84, 86, loi 
Hepatic cinnabar, 103 
Horn quicksilver, 103 
Horn silver, 106 

Ilmenite, loi 

lodargyrite, 106 

Iron, 2, 12, 13, 36, 59, 80, 84, 86 

Iron pyrites, 102 

Iron sulphide, 17, 19, 58 

Jamesonite, 105 

Kaolin, 3 

Lead, 6, 8, 14, 18, 21, 23, 26, 29, 31, 

33» 39, 46, 56, 59, 67, 72, 79, 99 
Lead sulphide, 2, 17, 18, 21 
Lead vitriol, 99 
Liquation, 25, 66 
Litharge, 2, 6, 8, 14, 15, 28, 67 
Liver ore, 103 
London crucibles, 4 

Magnesia, 2, 3, 42 
Magnesite, 62 
Magnetic pyrites, 102 
Magnetite, loi 
Malachite, 100 
Margyrite, 106 
Mercury, 61, 62, 66 \ 

Moisture in coal, 51 
Mortar and pestle, 5 
Muntz's metal, 47 

Nagyagite, 107 
Native amalgam, 103 
Native antimony, 105 
Native arsenic, 104 
Native bismuth, 105 
Native copper, 100 



Orpiment, 104 
Over-poled copper, 33 
Oxide of copper, 10, 14, 16 
Oxide of lead, 6, 15, 27 
Oxide of tin, 5, 1 1, 14 
Oxide of zinc, 10 
Oxidising agents, i, 2 

Parkes' process, 32 

Parting, 70 

Pattinson process, 46 

Percy- Patera process, 57, 63 

Pewter, 46 

Physical properties, 31, 46 

Placodine, 104 

Platinum chloride, 69 

Polybasite, 106 

Potassium bichromate, 82, 83, 85 

Potassium carbonate, 2, 3 

Potassium cyanide, 2, 3, 12, 75, 78 

Potassium ferricyanide, 82, 83, 84 

Potassium nitrate, 2, 21 

Potassium permanganate, 85 

Potassium sulphocyanate, 84, 86 

Putty powder, 1 1 

P3nromorphite, 99 



*i 



Reactions 
Reactions 
Reactions 
Reactions 
Reactions 
Reactions 
Reactions 
Reactions 
Reactions 
Reactions 
Reactions 
Reactions 
Reactions 



of antimony, 98 
of arsenic, 98 
of cobalt, 97 
of copper, 93 
of gold, 96 
of iron, 92 
of lead, 91 
of manganese, 98 
of mercury, 96 
of nickel, 97 
of silver, 95 
of tin, 95 
of zinc, 94 
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Realgar, 105 

Red antimony, 105 

Red lead, 2, 9, 81 

Red short iron, 36, 87 

Red silver ore, 106 

Reducing agents, I, 2 

Refining, 73, 74, 75 

Regulus of Venus, 48 

Roasting sulphides, 22, 23, 56, 57 

Scorification, 4, 28, 38, 67, 82 

Shot metal, 46 

Siderite, 10 1 

Sieves, 5 

Silica, 2, 7, 37, 42, 81 

Silicate of copper, 16, 37, 38 

Silicate of lead, 7, 8, 15, 38, 39 

Silver chloride, 34, 35, 57, 66 

Silver glance, 106 

Silver iodide, 64 

Silver nitrate, 35 

Silver ores, 106 

Silver ores, assay of, 8 1, 82 

Silver sulphide, 64, 65 

Smaltine, 104 

Sodium carbonate, 2, 3, il, 81 

Sodium thiosulphate, 57, 64, 79 

Soft solder, 46 

Specific gravity, 50, 89 

Speculum metal, 47 

Spitting of silver, 36, 68 

Standard gold, 48 

Standard silver, 35, 48, 68 

Steam raising power, 55 

Stephanite, 106 

Stembergite, 106 

Stibnite, 105 

Stourbridge crucibles, 4 

Stromeyerite, 106 

Sulphide of copper, 17, 18, 56 

Sulphide of iron, 17, 19 

Sulphide of lead, 2, 17, 18, 21, 56 

Sulphide of silver, 56, 59, 65, 106 

Sulphide of tin, 18, 20 



Sulphur, I, 2, 17, 19, 21, 31, 36, 52, 

57, 65, 74, 76, 78 
Sulphur in coal, 52 
Sulphurising agents, I, 2 

Table of atomic weights, 89 

Table of equations, 91 

Table of factors, 107 

Table of fusibilities, 89 

Table of ores, 99 

Tartar, 2, 3, 73, 87 

Telluric silver, 106 

Tenacity, 31, 46 

Tenorite, ic» 

Test pyramids, 44 

Thiosulphate of soda, 57, 64, 79 

Tin, II, 12, 15, 20, 26, 30, 32, 34, 

47, 67, 72 
Tinning copper, 47 
Tin oxide, 5, 1 1, 14, 80 
Tin pyrites, 102 
Tin sulphide, 18, 20 
Toad's eye tin, I02 
Tough-pitch copper, 33 
Turgite, 10 1 
Type metal, 46 

Under-poled copper, 33 

Welsh copper process, 17, 19, 20, 58, 

73 
White antimony, 105 

White arsenic, 46, 104 

White brass, 48 

Willemite, 103 

Wood tin, 102 

Ziervogel's process, 57 

Zinc, 10, 16, 34, 47, 48, 63, 72, 78, 

79, 80, 84, 86 
Zinc blende, 24, d^tt 102 
Zincite, i©2 

Zinc oxide, 5, 10, 11, 14, 16, 57 
Zinc sulphide, 21, 24, 57, 63 
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